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TO SIR JOHN FREDERICK WILLIAM HERSCHEL, 

X.O.H. 



Mr DEAR Hebschel, 

It is witb no commoa pleasure that 
I take up my pen to dedicate these volumea to you. 
They are the nault of trains of thought ■which have 
often been the subject of our conversation, and of 
which the origin goes back to the period of our early 
companionship at the University. And if I had ever 
wavered in my purpose of combining such reflections 
and researehea into a whole, I should have derived a 
renewed impulse and increased animation from your 
delightful Discourse on a kindred subject. Tor I 
could not have read it without finding this portion of 
philosophy invested with a fresh charm ; and though I 
might be well aware that I could not aspire to that 
large share of popularity which your work ao j^ i.ly 
gained, I should still have reflected, that something 
WHS due to the subject itself, and should have hoped 
that my own aim was so iar similar to yours, that 
the present work might have a chance of exciting an 
interest in some of your readers. That it will interest 
you, I do not at all hesitate to believe. 

If you were now in England I should stop here: 

but when a friend is removed for years to a far distant 

land, we seem to acquire a right to speak openly of 

I hia good qualities. I caaaot, thetefoiQ, '^^(fvai^ uyiik 



VI DEDICATION. 

myself to lay down my pen without alluding to the 
affectionate admiration of your moral and social, as 
well as intellectual excellencies, which springs up in 
the hearts of your friends, whenever you are thought 
o£ They are much delighted to look upon the halo 
of deserved fame which plays round your head; but 
still more, to recollect, as one of them said, that your 
head is far from being the best part about you. 

May your sojourn in the southern hemisphere be a^ 
happy and successful as its object is noble and worthy 
of you; and may your return home be speedy and 
prosperous, as soon as your purpose is attained. 

Ever, my dear Herschel, Yours, 

W. Whewell. 
22 March, 1837. 

P.S. So I wrote nearly ten years ago, when you 
were at the Cape of Good Hope, employed in your 
great task of making a complete standard siarvey of 
the nebulae and double stars visible to man. Now that 
you are, as I trust, in a few weeks about to put the 
crowning stone upon your edifice by the publication 
of your * Observations in the Southern Hemisphere,' 
I cannot refrain from congratulating you upon having 
had your life ennobled by the conception and happy 
execution of so great a design, and once more offering 
you my wishes that you may long enjoy the glory you 
have so well won. 

W. W, 

TRINITY COLLEGE, 

Nov. 22, 1846. 




TN the Prefacea to the previoas Editions of this 
work, several remarka were made which it is not 
necessary now to repeat to the same extent. Hbai, a 
History of the Sciences, executed m this is, has some 
value in the eyes of the Piihlic, is siifficieutly proved 
by the circulation which it haa obtained. I am still 
able to Bay that I liave seen no objection urged against 
the plan of the work, and scarcely any against the 
details. The attempt to throw the history of each 
science into EpocHa at which some great and cardinal 
discovery was made, and to arrange the subordinate 
events of each history as belonging to the Preludes 
and the Sequels of such Epochs, appears to be assented 
to, as conveniently and fairly exhibiting the progress 
of scientific trutii. Such a view being asaumed, as it 
was a constant light and guide to the writer in his 
task, BO will it also, I think, make the view of the reader 
far more clear and comprehensive than it could other- 
wise be. With regard to the manner in which this 
plan has been carried into effect with reference to par- 
ticular writers and their researches, as I have said, 1 
have seen scarcely any objection made. I was aware, 
as I stated at the outset, of the difficulty and delicacy 
of the office which I had undertaken; but I had 
s considerations to encourage me to go thtau^bi. 



it; and I had a trust, which I have as yet seen nothing 
to disturb, that I should be able to speak impartially 
of the great scientific men of all ages, even of our own. 
T have already said, in the Introduction, that the 
work aimed at being, not merely a narration of the 
facta in the history of Science, but a basis for the 
Philosophy of Science. It seemed to me that our stndy 
of the modes of diacovering truth ought to be based 
upon a survey of the truths which have been dis- 
covered. This in n vim , so stated, seems sufliciently 
self-evident ; yet it has, even np to the present time, 
been very rarely acted on. Those who discoiirae con- 
cerning the na ."i of Truth and the mode of its dis- 
covery, still, commonly, make for themselves examples 
of truths, which for the most part are utterly frivolona 
and unsubstantial, (as in most Treatises on Logic ;) or 
else they dig up, over and over, the narrow and special 
field of mathematical truth, which ceitaiuiy cannot, of 
itself, exemplify the general mode by which man has 
attained to the vast body of certain tinith which he 



Yet it must not be denied that the Ideas which 
form the basis of Mathematical Truth are concerned in 
the formation of Scientific Tnath in general; and 
discussions concerning these Ideas are by no means 
necessarily barren of advRntage. But it must be 
borne in mind that, besides these Ideas, there are also 
others, which no less lie at the I'oot of Scientific Truth; 
and oonceraing which there have been, at various 
periods, discussions which have had an important 
bearing on the progress of Scientific Tmth ; — such as 



discusuoDB concerning the nature and necessary attri- 
butes of Matter, of Force, of Atoms, of MediumB, of 
Kinds, of Organization. Tte controversies which have 
taten place concerning these have an important place 
in the history of Natural Science in its moat extended 
§ensft Yet it appeared conyenicnt to carry oo tha 
history of Science, so far as it depends on Ohservation, 
in a line separate from these discussions concerning 
Ideaa The account of these discussions and the 
consequent controversies, therefore, though it be 
thoroughly historical, and, as appears to me, a veiy 
curious and interesting history, is reserved for the 
other vork, the Pkiloaophij of the Indaclive Scieneei. 
Such a history has, in truth, its natural place in the 
Philosophy of Science; for the Philosophy of Science 
at the present daymust contain the result and summing 
up of all the truth which has heen disentangled from 
errour and confusion during these past controversies. 

I have made a few Additions to the present Edition; 
partly, with a view of bringing up the history, at least 
of some of the Sciences, to the present time ; so far as 
those larger features of the History of Science are 
concerned, with which alone I have here to deal ; and 
partly ahfo, es])ecially in the First Volume, in order to 
rectify and enlarge some of the earlier portions of the 
history. Sevei-al works which have recently appeared 
suggested reconsideration of various points ; and I 
hoped that my readers might be interested in the 
reflexions so suggested. 

I will add a few sentences from the Fre&ce to the 
First Edition. 



X PREFACE. 

*As will easily be supposed, I have borrowed largely 
from other writers, both of the histories of special 
sciences and of philosophy in general.^ I have done 
this without scruple, since the novelty of my work 
was intended to consist, not in its superiority as a col- 
lection of facts, but in the point of view in which the 
facts were placed. I have, however, in all cases, given 
references to my authorities, and there are very few 
instances in which I have not verified the references 
of previous historians, and studied the original authors. 
According to the plan which I have pursued, the 
history of each science forms a whole in itself, divided 
into distinct but connected membera, by the Epochs of 
its successive advances. If I have satisfied the com- 
petent judges in each science by my selection of such 
epochs, the scheme of the work must be of permanent 
value, however imperfect may be the execution of any 
of its portions. 

* With all these grounds of hope, it is still impossible 
not to see that such an undertaking is, in no small 
degree, arduous, and its event obscure. But all who 



' Among these, I may mention d'Astronomie Moderne; Voiron's 

as works to which I have pecu- Histoire d'Astronomie (published 

liar obligations, Tennemann's Ge- as a continuation of Bailly), 

schichte der Philosophic; Dege- Fischer's Geschichte der Fhysik, 

rando's Histoire Compar^e des Gmelin's Geschichte der Chemie, 

System es de Fhilosophic; Montu- Thomson's History of Chemistry, 

cla's Histoire des Math^matiques, Sprengel's History of Medicine, 

w^ith Delalande's continuation of his History of Botany, and in all 

it; Delambre's Astronomie An- brunches of Natural History and 

cienne, Astronomie du Moyen Fhysiology, Cuvier's works; in 

Age, Astronomic Moderne, and their historical, as in all other 

Astronomie du Dixhuiti^me portions, most admirable and in- 

Sitele; Bailly's Histoire d'Astro- structive. 
nomie Aucienne, and Histoire 



PUEFACE. XI 

Tenture upon such tasks must gather tinist and encou- 
ragement from reflections like those by which their 
great forerunner prepared himself for his endeavours; 
— ^by recollecting that they are aiming to advance the 
best interests and privileges of man; and that they 
may expect all the best and wisest of men to join 
them in their aspirations and to aid them in their 
labours. 

* * Concerning ourselves we speak not ; but as touch- 
ing the matter which we have in hand, this we ask; — 
that men deem it not to be the setting up of an 
Opinion, but the performing of a Work ; and that they 
receive this as a certainty ; that we are not laying the 
foundations of any sect or doctrine, but of the profit 
and dignity of mankind: — Furthermore, that being 
well disposed to what shall advantage themselves, and 
putting off factions and prejudices, they take common 
counsel with us, to the end that being by these our 
aids and appliances freed and defended from wander- 
ings and impediments, they may lend their hands also 
to the labours which remain to be performed : — ^And 
yet, further, that they be of good hope; neither 
feign and imagine to themselves this our Reform as 
something of infinite dimension and beyond the grasp 
of mortal man, when, in truth, it is, of infinite errour, 
the end and true limit ; and is by no means unmindful 
of the condition of mortality and humanity, not con- 
fiding that such a thing can be carried to its perfect 
close in the space of one single day, but assigning it as 
a task to a succession of generations.' ' 

Bacon — Instauratto Magna, Prce/. ad ji/a. 
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"If there be any man who has it at hearty not 
merely to take his stand on what has already been 
discovered^ but to profit by that^ and to go on to some- 
thing beyond ; — ^not to conquer an adversary by dis- 
puting; but to conquer nature by working ; — ^not to 
opine probably and prettily, but to know certainly 
and demonstrably; — let such, as being true sons of 
nature, (if they will consent to do so) join themselves 
to us ; so that, leaving the porch of nature which end- 
less multitudes have so long trod, we may at last 
open a way to the inner courts. And that we may 
mark the two ways, that old one, and our new one, by 
familiar names, we have been wont to call the one the 
Anticipation of the Mind, the other, the Interpretation 
ofNatwre.^ ' — Inst. Mag. ProBf. ad Part. iL 
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* A JT7ST storj of leaming, containing tlie antiquities and originals 
of KNOWLEDGES, and their sects; their inventions, their diverse 
administrations and managings ; their flourishings, their oppo- 
sitions, decays, depressions, oblivions, removes; with the causes 
and occasions of them, and all other events concerning learning, 
throughout all ages of the world ; I may truly affirm to be 
wanting. 

* The use and end of which work I do not so much design for 
curiosity, or satisfaction of those that are the lovers of learning : 
but chiefly for a more serious and grave purpose ; which is this, 
in few words, that it will mak^ learned men more wise in the use 
and administration of learning.' 

Bacon, Advancement of Learning^ book ii. 




IT ia ray pnrpose to write the History of some of the 
most importaat of the Physical Sciences, from the 
earliest to the most recent perioda. I shall thus have 
to trace some of the most remarkable branches of 
human knowledge, from their first germ to their 
growth into a vast and varied assemblage of undisputed 
truths 3 from the acute, but fruitless, essays of the early 
Greek Philosophy, to the comprehensive systems, and 
demonstrated generalizations, which compose such 
sciences as the Mechanics, Astronomy, and Chemistry, 
of modem times. 

The completeness of historical view which belongs 
to such a design, consists, not in accumulating all tlie 
detuls of the cultivation of each science, but in mark- 
ing the larger features of its formation. The historian 
must endeavour to point out how each of the important 
advances was made, by which the sciences have reached 
their present position; and when and by whom each of 
the valuable truths was obtained, of which the aggregate 
now constitutes a costly treasure. 

Such a task, if fitly executed, must have a well- 
founded interest for all those who look at the existing 
eondition of human knowledge with complacency and 
admiration. The present generation finds itself the 
heir of a vast patrimony of science ; and it must needs 
concern us to know the steps by which these possessions 
were acquired, and the documents by which they are 
secured to us and our heirs for ever. Our species, 
fr«m the time of its creation, has been travelling 
onwards in pursuit of truth ; and now that we have 
I reached a lofty and commanding position, with the 
broad light of day around us, it must be grateful to 
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look back on tlie line of onr past progress; — to review 
the journey, begun in eariy twilight amid primeTal 
wilds; for a long time continued with alow advance 
and obscure prospects ; and gradually and in later days 
followed along more open and lightsome paths, iu a 
wide and fertile region. The historian of science, 
from early periods to the present times, may hope for 
favour on the score of the mere subject of hia nar- 
rative, and in virtue of the curiosity which the men of 
the present day may naturally feel respectiag the 
events and persona of his story. 

But such a survey may possess also an interest of 
another kind; it may be instructive as well as agreeable; 
it may bring before the reader the present form and 
extent, the ftiture hopes and prospects of science, as 
well aa its past progress. The eminence on which we 
stand may enable us to see the land of promise, aa well 
as the wilderness through which we have passed. The 
examination of the steps by which our ancestors acquired 
our intellectual estate, may make us acquainted with 
our expectations aa well as our possessions ; — may not 
only remind us of what we have, but may teach ns how 
to improve and increase our store. It will be uni- 
versally expected that a History of Inductive Science 
should point out to us a philosophical distribution of 
the existing body of knowledge, and afford us some 
indication of the most promising mode of directing our 
future efforts to add to its extent and completeness. 

To deduce such lessons from the past history of 
human knowledge, was the intention which originally 
gave rise to the present work. Nor is this portion of 
the design in any measure abandoned ; but its execution. 
If it take place, must be attempted in a separate and 
future treatise, On the Philosophy of the Inductive 
Sciences. An essay of this kind may, I trust, irom the 
progress already made in it, be laid before the public 
at no long interval after the present history-^ 

Though, therefore, many of the piinciples and maxims 
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of such a work will disclose themselves witJi more or 
less of difltinctnesa in the course of the history on ly^hich 
we are about to enter, the syBtematic ajid complete 
exposition of such principles moat he reserved for this 
other treatise. My attempts and reflections have led 
me to the opinion that justice caimot be done to the 
subject without such a division of it 

To thifl future work, tlien, 1 must refer the reader 
who is disp<H<ed to require, at the outset, a precise 
esplttnation of the terms which occur in my title. It 
is not possible, without entering into this philosophy, 
to explain adequately how science which is Inductivb 
differs &om that which is not so; or why some portions 
of knwdedffe may properly be selected from the general 
mass and termed Science. It will be sufficient at 
present to say, that the sciences of which we have here 
to treat, are those which are commonly known as the 
Phyaietil Scieneeg; and that by Induction ia to be 
understood that process of collecting general truths 
firom the esaminatiou of particular fiicts, by which such, 
sciences have been formed. 

There are, however, two or three remarks, of which 
the application will occur so frequently, and will tend 
BO much to give us a clearer view of some of the subjects 
which occur in our history, that I will state them now 
in a brief and general manner. 

/Wa arid Ideas.'^ — In the first place, then, I remark, 
that, to the formation of science, two things are requisite; 
— Facts and Ideas ; observation of Things without, and 
an inward eflfort of Thought ; or, in other words, Sense 
and Rea«Dn. Neither of these elements, by itself, can. 
constitute substantial general knowledge. The im- 
pressions of aeuse, unconnected by some rational and 
speculative principle, can only end in a practical 
Bcquaintancc with individual objects; the operations of 
the rational faculties, on the otherhand, if allowed logo 
on without a constant reference to external things, can 
lead only to empty abstraction and barren ingenuity. 

• For Ihc AuUIUsii i^ Faela and Mf aJ. tee tlie Pli/cmp/iu.ljouVV. 
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Keal speculative knowledge demands the oombinatioa 
of the two ingredients; — right reason, and facte to 
reHSon upon. It ha£ been well said, that true know- 
ledge ia the interpretation of nature; and therefore it 
requires both the interpreting mind, and natui'e for its 
8ubjet!t; both the document, and the ingenuity to read 
it aright. Thus invention, acuteness, and connexion 
of thought, are neceseary on the one hand, for the 
progress of philosophical knowledge ; and on the other 
hand, the precise and steady application of these 
faculties to facta well known and clearly oonceived. It 
is easy to point out instances in which science has &riled 
to advance, in consequence of the absence of one or 
other of theae requisites; indeed, by far the greater 
part of the course of the world, the history of most 
times and most countries, exhibits a condition thua 
stationary with i-espect to knowledge. The facts, the 
impreaaiona on the senses, on which the first auccesafiii 
attempts at physical knowledge proceeded, were as well 
known long before the time when they were thus turned 
to account, as at that period. The motions of the Btars, 
and the effects of weight, were familiar to man before 
the rise of the Greek Astronomy and Mechanics: but 
the "diviner mind" was still absent; the act of thought 
had not been exerted, by which these facts were hound 
together under the form of laws and principles. And 
even at this day, the tribes of uncivilised and half- 
civilized man over the whole face of the earth, have 
before their eyes a vast body of facte, of exactly the 
same nature as those with which Europe has built the 
stately fabric of her physical jihilosophy; but, in almost 
every other part of the earth, the prooesa of the intellect 
by which these facte become science, is unknown. The 
scientific faculty does not work. The scattered stones 
tu'e there, but the builder's hand is wanting. And 
again, we have no lack of proof that mere activity of 
thought is equally inefficient in producing real know- 
ledge. Almost the whole of the career of the Greek 
schools of philosophy; of the schoolmen of Europe in 
the middle ages; of the Arabian and Indian philo- 
Bojjhers; shows ua that we may have extreme ingenuity 
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and Hubtlety, invention and c 
and method; and yet that out of these germs, no 
physical science may be developed. We may obtain, by 
Buah means, Logic and Metapliyaics, aod even Geometry 
and Algebra; but out of such materials we ah all never 
form Mechanics and Optics, Chemistry and Physiology. 
How impossible the formation of these sciences is 
without a constant and careful reference to observation 
and experiment; — how rapid and prosperous their 
progress may be when they draw from such sources 
the materials on which the mind of the philosopher 
employs itaelf ; — the history of those branches of know- 
ledge for the last three hundred years abundantly 
teaches us. 

Accordingly, the existence of clear Ideas applied to 
distinct Facts will be discernible in the Histoiy of 
Science, whenever any marked advance takes place. 
And, in tracing the progress of the various provinces 
of knowledge which come under our survey, it will be 
important for us to see that, at all such epochs, such a 
combination has occurred; that whenever any material 
step in general knowledge has been made, — whenever 
any philosophical discovery arrests our attention, — 
some man or men come before us, who have possessed, 
in an eminent degree, a cleai-nesa of the ideas which 
belong to the subject in question, and who have 
applied such ideas in a vigoiMus and distinct manner 
to ascertained facts and exact observations. We shall 
never proceed through any considei-able range of our 
sforaiive, without having occasion to remind the reader 
of this reflection. 

Stuxe»tive Steps in Science.^— But there is another 
remark which we must also make. Such sciences as 
ire have here to do with are, commonly, not formed by 
a single act ; — they are not completed by the discovery 
of one great principle. On the contrary, they consist 
in a long-oontinued advance; a series of changes; a 
repeated progress from one principle to another, diffe- 

* CoiUMiiiing awxaiwe GaieraliinUaiiiin Science.eee the rlUhiiopli)) , 
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rent and often apparently contradictory. Now, it is 
important to remember that this coutradictioa is 
apparent only. The principles which coiu)tJtut«d the 
triumph of Wie preceding stages of the science, may 
appear to be subverted and ejected by the later dis- 
coveries, but in fact they are, (so far as they were true,) 
taken up into the subsequent doctrines and included 
in them. They continue to be an cfisential part of the 
science. The earlier truths are not expelled but 
absorbed, not contradicted but extended; and the 
history of each science, which may thus appear like a 
succession of revolutions, is, in reality, a serira of 
developments. In the intellectual, as in the ma.terial 
world, — 

Omnia mntantiir nil inlerit 

Kec manet at fuerai nee format servat easdem, 
Sed tamen ipsa eadem est. 

All chaagES, DODght ia lost ; the forms are changed. 
And that which has been is nut what it was, 
Yet that which has been is. 

Kothing which was done was useless or unessential, 
though it ceases to be conspicuous and primary. 

Thus the final form of each science contains the 
Bubatance of each of its preceding modifications; and 
all that was at any antecedent period discovered and 
established, miniatere to the ultimate development of 
its proper branch of knowledge. Such previona 
doctrines may require to be made precise and definit«, 
to have their superfluous and arbitrary portions ex- 
punged, to be expressed in new language, to be t^iken 
up into the body of science by various processes; — but 
they do not on such accounts cease to be true doctrines, 
or to form a portion of the essential constituents of our 
knowledge. 

Terms record Discoveries.* — The modes in which the 
earlier truths of science are preserved in its later forms, 
are indeed various. From being asserted at first as 
strange discoveries, such truths como at last to be im- 
plied as almost self-evident axioms. They are recorded 

' Concerning Trclliiiail Tarme, see Philmopliu. booL i. ch. 3. 




INTRODUCTION. ""^ 

by some familiar mftsim, or perhaps by some new word 
or phrase, wbich becomea part of the current language 
of the philosophical world ; and thus asserts a principle, 
while it appeal's merely to indicate a transient notion ; — 
preserves as well as expresses a truth; — and, like a 
medal of gold, is a tre^ure as well as a token. We 
shall frequently have to notice the manner in which 
great discoveries thuH stamp their impress upon the 
terms of a science ; and, like great political revolutions, 
are recorded by the change of the current coin which 
has accompanied them. 

Generalisation. — The great changes which thus take 
place in the history of science, the revolutions of the 
intellectual world, have, as a usual and leading character, 
this, that they are steps of generalinxUion ; — transitions 
from particular truths to others of a wider extent, in 
■which the former are included. This progress of know- 
ledge, from individual facts to universal laws, — from 
particular projiositiona to general ones, — and from these 
to others still more general, with reference to which 
the former generalizations are particular, — is so far 
familiar to men's minds, that, without here entering 
into further explanation, its nature will he imderstood 
sufficiently to prepare the reader to rec<^niae the ex- 
emplifications of such a process, which he will find at 
every step of our advance. 

Induetine Epochs; Preiudeg; Sequda. — In our his- 
tory, it is the progress of knowledge only which we 
have to attend to. This is the main action of onr 
drama; and all the events which do not bear upon this, 
though they may relate to the cultivation and the 
cultivators of phUoaophy, are not a necessary part of 
our theme. Our narrative will therefore consist maiidy 
of snccessive steps of generalization, such as have just 
been mentioned. But among these, we shall find 
some of eminent and decisive importance, which have 
more peculiarly influenced the fortunes of physical 
philosophy, and to which we may consider the rest 
aa suboninate and auxiliary. These primary move- 
ments, when the Inductive process, by which science 
is formed, haa been exercised in a more energiitwi 
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and ]>owerful manner, mfty be diatinguished c 
Indtidive Epodia of scientific history; and they de- 
serve our more expresB aud pointed notice. They 
are, for the mtBt part, marked by the great diacoveries 
and the great philosophical names which all civilized 
nations have agreed in admiring. But, when we exa- 
mine more clearly the history of such discoveries, wo 
find that these epochs have not occurred suddenly and 
without preparation. They have been preceded by a 
period, which we may call their Prebidi, during which 
the ideas and facta on which they turned were called 
into action; — were gradually evolved intocleamesB and 
connexion, permanency and certainty; till at last the 
discovery which marks the Epoch, seized and fixed for 
ever the truth which had till then been obscureiy and 
doubtfully discerned. And again, when this step has 
been made by the principal discoverers, there may 
generally be observed another period, which we may 
call the Sequel of the Epoch, during which the discovery 
haa acquired a more perfect certamty and a more com- 
plete development among the leaders of the advance; 
has been diffused to the wider throng of the seoondaJT" 
cultivators of such knowledge, and traced into its distant 
consequences. This b a work, always of time and 
labour, often of difficulty and conflict. To distribute 
the Bjatory of science into such Epochs, with their 
Preludes and Sequela, if successfully attempted, must 
needs make the series and connesions of its occurrences 
more distinct and intelligible. Such periods form rest- 
jng-plaoes, where we pause till the duat of the confused 
march is laid, and the prospect of the path is clear. 

InducUve Charts.^ — Since the advance of science 
consists in collecting by induction true general laws 
from particular facts, and in combining several such 
laws into one higher genendization, in which they still 
retain their truth; we might form a Chart, or Table, 
of the prc^p'MS of each science, by setting down the 
particular facts which have thus been combined, so as 
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to form geneiTi] truths, and liy marking the fiirthar 
union of theae general truths into others more compre- 
benaive. The Table of the progress of any science 
would thus resemble the Map of a River, in which the 
waters from Be{]arat« sourcea unite and make riruletB, 
which a^iaju meet with rivulets £rom other fountains, 
and thus go ou forming by their junction tninks of a 
higher and higher order. The representation of the 
state of a science in this form, would neeesBarily exhibit 
all the principal doctrines of the science; for each 
general truth contains the particular truths from which 
it was derived, and may be followed backwards tUl we 
have these before ua in their separate state. And the 
laat and most advanced genertjization would have, in 
such a scheme, its proper ptaee and the evidence of its 
validity. Hence such, an Inductive Table of each 
science would afford a criterion of the correctness of 
our distribution of the inductive Kpochs, by its coinci- 
dence with the views of the best judges, as to the aub- 
stantial contents of the science in question. By forming, 
therefore, such Inductive Tables of the principil sciences 
of which I have here to speak, and by regulating by 
these tables, my views of the history of the sciences, I 
conceive that I have secured the distribution of ray 
history from material error; for no merely arbitrary 
division of the events could satisfy such conditions. 
But though I have constructed such charts to direct 
the course of the present history, I shall not insert 
them in the work, reserving them for the illustration 
of the philosophy of the subject; for to this they more 
properly belong, being a part of the Logic of Induction. 
Stalionary Periods. — By the lines of such maps the 
real advance of science is depicted, and nothing else. 
But there are several occurrences of other kinds, too 
interesting and too instructive to be altogether omitted. 
In order to understand the conditions of the progress 
of knowledge, we must attend, in some measure, to the 
failures as well as the successes by which such attempts 
have been attended. When we reflect during how 
small a portion of the whole history of human apeculai- 
tioiis, science has really been, in any marked de^ee, 
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progressive, we muat Deeds feel some ciirioaity to k 
what was doing in these ftaiioiiary periods ; what field 
could be found which Eulmitted of so wide a deviation, 
or at least so protracted a wandering. It is highly 
necessary to our purpose, to describe the baffled euter- 
priaes as well as the achievements of human specula- 
tion. 

Heduelion. — During a great part of such stationary 
periods, we shall find that the process which we have 
apoken of as essential to the formation of real science, 
the conjunction of clear Ideas with distinct Facts, was 
interrupted ; and, in such cases, men dealt with ideas 
alone. They employed themselves in reasoning &om 
principles, and they arranged, and classified, and ana- 
lyzed their ideas, so aa to make their reasonings satisfy 
the requisitioas of our rational faculties. This process 
of drawing conclusions from our principles, by rigorous 
and unimpeachable trains of demonstration, is termed 
Deduction. In its due place, it is a highly important 
part of every science ; but it has no value when the 
timdamental principles, on which the whole of the 
demonstration rests, have not first been obtained by 
the induction of facts, so as to supply the materials of 
substantial truth. Without such materials, a series of 
demonstrations resembles physical science only as a 
shadow resembles a real object. To give a real signi- 
ficance to our propositions. Induction must provide 
what Deduction cannot supply. From a pictured hook 
we can hang only a pictured chain. 

Diatinalion of common Notions and Sdenlific Ideas.^ 
— When the notions with which men are conversant in 
the common course of practical life, which give mean- 
ing to their familiar language, and employment to their 
hourly thoughts, are compared with the Ideas on whioh 
exact science is founded, we find ^hat the two olassea 
of intellectual operations have much that is commoa 
and much that is diflferent. Without here attempting 
ftilly to explain this relation, (which, indeed, is one 
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of the hardest problems of our philosojilij',) Ve may 
observe that they have this in common, that both are 
acquired by acta of the mind exercised ui connecting 
external impreasions, and may be employed in conduct- 
ing a train of reasoning; or, speaking loosely, (for we 
cannot here puraae the subject ao aa to arrive at philo- 
Hophical exactness,) we may say, that all notions and 
ideas are obtained by au inductive, and may bo used in a 
deductive process. But scientific Ideas and common 
Notions differ in this, that the former are precise and 
stable, the latter vague and variable ; the former are 
possessed with clear insight, and employed in a sense 
rigorously limited, and always identicaUy the same; 
the latter have grown up in iJie mind from a thousand 
dim and diveree suggestions, and the obscunty and in- 
congruity which_ belong to their origin hang about all 
their applications. Scientific Ideas can often be ade- 
quately exhibited for all the purposes of rea,soning, by 
means of Definitions and Axioms ; all attempts to 
reason by means of Definitions from common Kotions, 
lead to empty forms or entire confusion. 

Such common Notions are sufficient for the common 
practical conduct of human life; but man is not a 
practical creature merely; he has within him a speau- 
lative tendency, a pleasure in the contemplation of ideal 
relations, a love of knowledge a* knowledge. It is 
this speculative tendency which brings to light the 
diiference of common Notions and scientific Ideas, of 
■which we have spoken. The mind analyzes such 
Notions, reasons upon them, combines and connects 
them ; for it feels assured that intellectual things ought 
to be able to bear such handling. Even practical know- 
ledge, we see clearly, is not possible without the use of 
the reason; and the speculative reason is only the reason 
satisfying itself of its own consistency. This specula- 
tive fiiculty cannot fee controlled from acting. The 
mind cannot but claim a right to speculate concerning 
all its own acts and creations; yet, when it exercises 
this right upon its common practical notions, we find 
that it runs into barren abstractions and ever-recurring 
cycles of subtlety, Such Notions are Uke 'watera na,tu- 
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rally Bt^nant; however mucli we oi^e and estate 
them, they only revolve in atationftry whirlpools. But 
the mind is capable of acquiring scientific Ideas, which 
are better fitted to undergo discuHaion and impulsion. 
When our speculations are duly fed from the spring- 
heads of Observation, and frequently drawn off into the 
region of Applied Science, we may have a living stream 
of consistent and progressive knowledge. That science 
may be both real sa to its import, and logical as to ita 
form, the examples of many existing sciences sufficiently 

School PhUotophy.- — So long, however, as attempts 
are made to form sciences, without such a verificatioa 
and realization of tlieir fmidamcntal ideas, there is, in 
the natural series of speculation, no self-correcting 
principle. A philosophy constructed on notions obscure, 
Tt^ue, and imsubstantial, and held in spite of the want 
of correspondence between its doctrines and the actual 
train of physical events, may long subsist, and occupy 
men's minds. Such a philosophy must depend for iia 
permanence upon the pleasure which men feel in tracing 
the operations of their own and other men's minds, and 
in reducing them to logical consistency and systematical 
arrangement. 

In these cases the main subjects of attention are not 
external objecta, but speculations previously delivered; 
the object is not to interpret nature, but man's mind. 
The opinions of the Masters are the facts which the 
Disciples endeavour to reduce to unity, or to follow into 
consequences. A series of speculators who pursue snch 
a course, may properly be termed a School, and their 
philosophy a Sclioid Philoeophy; whether their agree- 
ment in such a mode of seeking knowledge arise from 
personal communication and tradition, or be merely the 
result of a community of intellectual character and 
propensity. The two great periods^f School Philosophy 
(it will he recollected that we are here directing our 
attention mainly to physical science), were that of the 
Greeks and that of the Middle Ages ;^the period of 
the first waking of science, and that of its mid-day 
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What has been aaid thus briefly and imperft 
would require great detail aud much ospknution, to 
give it its full siguificouce and authority. But it eeemed 
proper to state ao much in tliia pkce, in order to reader 
more intelligible and more instructive at the first aspect, 
the view of the attejupted or effected progress of 

It is, perhaps, a disadvantage inevitably attending 
an undertaking like the present, that it must set out 
■with statemeots so abstiuct; and must present thera. 
without their adequate development and proof. Such 
an Introduction, both iu its character and its scale of 
execution, may be compared to the geographical sketch 
of a country, with which the historian of its fortunes 
often begins his narration. So much of Metaphysics 
is as necessary to us aa such a jiortion of Geography is 
to the Historian of iin Elmpire ; and what has hitherto 
been said, is intended as a slight outline of the Geo- 
graphy of that Intellectual World, of which we have 
here to study the History. 

The name ■which we have given to this History — 

A HiSTOBT OF THE ImdDCTIVB SCIENCES— baa the fault 

of seeming to exclude from the rank of Inductive 
Sciences those which are not included in the Hjstory; 
as Ethnology and Glossology, Political Economy, Psy- 
chology. This exclusion I by no means wish to imply; 
but I could find no other way of compendiously de- 
scribing my subject, which was intended to comprehend 
iJlose Sciences in which, by the observation of iacta and 
the use of reason, systems of doctrine have been esta- 
blished which are universally received as truths among 
tlioughtiiil men ; and which may therefore be studied 
Bs examples of the manner in which truth is to be dis- 
covered. Perhaps a more exact description of the work 
would have been, A History of the prindpiU Sciences 
hkherlo established by* Induction. I may add that I 
do not include in the phrase ' Inductive Sciences,' the 
branches of Pure Mathematics, (Geometry, Arithmetic, 
Algebra, and the like,) because, as I have elsewhere 
stated (/'M. Ind. 5(!.,book iL c. i), these are not Inductive 
but Deductive Sciences. Tliey do not infer true theoriea 
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fi^m observed facts, and more general from more limited 
laws : but they trace the conditions of all theory, the 
properties of space and number; and deduce results 
from ideas without the aid of experience. The History 
of these Sciences is briefly given in Chapters 13 and 14 
of the Second Book of the FhUoaophy just rieferred to. 



/ 
T may further add that the other work to which 
I refer, the Philosophy of the Inductive Sciences, is in 
a great measure historical, no less than the present 
History. That work contains the history of the 
Sciences so far as it depends on Ideas; the present 
work contains the history so far as it depends upon 
Observation. The two works resulted simultaneously 
from the same examination of the principal writers on 
science in all ages, and may serve to supplement each 
other. 
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Ti'c yap &pxa Ss^aro vavriKiac] 
Tig Sk Kivdvvoc Kpartpolg dddfiav- 
rog Sijffiv dXoig; 

'Eirel ^ ifiPoXov 

Kptfiaffav dyKvpag virepOev 
Xpvffkav xcip€0'0't \apu)v ^toXav 
*Apxoc iv "Kpvfivq, rrarkp OvpaviSap 
^Eyx^iKkpawov Zrjvay Kal dtKVjropovc 
Kvfidruv piiraCf dvkfuov r licdXci, 
Nvicrac re, rat Tc6vrov KiKivOov£f 
Afiard t* cv^pova^ Kal 
^iKiav voaroio fioXpav. 

FiNDAK. Pyth, iv. 124, 349. 



Whence came their voyage ? them what peril held 
With adamantine rivets firmly bound ? 

But soon as on the vessers bow 

The anchor was hung np, 
Then took the Leader on the prow 

In hands a golden cup, 
And on great Father Jove did call, 
And on the Winds and Waters all, 

Swept by the hurrying blast ; 
And on the Nights, and Ocean Ways, 
And on the fair auspicious Days, 

And loved return at last. 
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Sect. I. — First Attempts of the Speculative Faculty in 
Phydcol Inquiries. 

AT an early period of history there appeared in men 
« propenaity to pursue speculative inquiries con- 
cerning the Tarioiis parts and properties of the material 
■worid. What they saw excited them to meditatej to 
conjecture, and to reason : they endeavoured to account 
for natural events, to trace their causes, to reduce 
them to their principles. This habit of mind, or, at 
least that modification of it which -we have here to 
consider, seems to have heen first unfolded among the 
Greeks. And during that obscure introductory interval 
■which elapsed while the speculative tendencies of men. 
were as yet hardly disentangled from the practical, 
those who w^ere most eminent in such inquiries were 
distinguished by the same term of praise which is ap- 
plied to sagacity in matters of action, and were called 
wise men— iro^L But when it came to be clearly felt 
by such persons that their endeavours were suj^est^d 
by the love of knowledge, a motive different fi:om the 
motives which lead to the wisdom of active life, aname 
was adopted of a more appropriate, as well aa of a more 
modest signification, and they were termed philosophers, 
at lovers of wisdom. This iippellation is said"^ to have 
been first assumed by Pythagoras. Yet he, in Hero- 
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dotUB, instead of having this title, is called a, powerful 
aopAwi— 'EXX^viuf oil Ti^dadcpiirraT^iTo^iaTiiJlvBaynpu'^ 
the historian using this word, as it would seem, without 
inteading to imply that misuse of reason which the 
term afterwards came to denote. The historianB of 
literature placed Pythagoras at the origin of the Italic 
School, one of the two main lines of succession of the 
early Greek philosophers: but the other, the Ionic 
School, which more peculiarly demands our attention, 
in consequence of its clmracter and subsequent progress, 
is deduced from Thalea, who preceded the age of Phi- 
haophy, and was one of the aophi, or 'wise men of 
Greece.' 

The Tonic School was succeeded in Greec« by several 
others; and the subjects which occupied the attention 
of these schools became very extensive. In fact, the 
first attempts were, to form systems which should ex- 
plain the laws and causes of the material universe ; and 
to these were soon added all the great questions which 
our moral condition and faculties suggest. The physical 
philosophy of these schools is especially deserving of our 
study, as exhibiting the character and fortunes of the 
moat memorable attempt at universal knowledge which 
has ever been made. It is highly instructive to trace 
the pi-inciplea of this undertaking; for the course 
pursued was certainly one of the most natural and 
tempting which can be imagined ; the essay was made 
by a nation unequalled in fine mental endowmenta, at 
the period of its greatest activity and vigour; and yet 
it must be allowed, (for, at least so far as phjmical 
science is concerned, none will contest this,) to liavo 
been entirely unauccesafuL We cannot consider other- 
wise than as an utter failure, an endeavour to discover 
the causes of things, of which the most complete results 
are the Aristotelian physioal treatises; and which, after 
reaching the point which these treatises mark, loft the 
human min d to remain stationary, at any rate on all 
such subjects, for nearly two thousand years. 

The early philosophers of Greece entered upon the 



work of phjHieal speculation in a manner wHch showed 
the vigour and confidence of the questioning spirit, as 
yet untamed by labours and revei'ses. It was for 
" l&ter ages to learn that man must acquire, slowly and 
putiently, letter by letter, the aljihabet in which nature 
I writes her answers to auch jnqniries. The first students 
■ wished to divine, at a single glance, the whole injport 
of her boot. They endeavoured to discover the origin 
j! and principle of the universe ; according to Thales, 
jl water was the origin of all things, according to Anaxi- 
5 menes, air; and HeracUtus considered _/ire as the essen- 
tia] principle of the universe. It has been conjectured, 
with great plausibility, that this tendency to give to 
' their Philosophy the form of a Cosmogony, was owing 
to the influence of the poetical Coemogonies and Theo- 
gonies which had been produced and admired at a still 
I earlier age. Indeed, such wide and ambitious doctrines 
[ as those which have been mentioned, were better suited 
to the dim magnificence of poetry, than to the purpose 
of a philosophy which was to bear the sharp scrutiny 
of reason. When we speak of the prindpkg of things, 
the term, even now, ia very ambiguous and indefinite 
in its import, but bow much more was that the case in 
the first attempts to use such abstractions ! The term 
which is commonly used in this sense (apx^), sigiufied 
at first the beginning; and in its early philosophical 
applications implied some obscure mixed reference to 
the mechanical, chemical, organic, and historical causes 
of the visible state of things, besides the theological 
Tiews which at this period were only just beginning to 
be separated from the physical. Hence we are not to 
be sur^niBed if the sources from which the opinions of 
this period appear to be derived are rather vague sug- 
gestions and casual analogies, than any reaeons which 
will bear examination. Aristotle conjectures, with 
considerable probability, that the doctrine of Thales, 
according to which water was the universal element, 
resulted from the manifest importance of moisture in 
the support of animal and vegetable life.' But such 
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. p'ecariouB analyses of these obscure and loose dogmas 
of early antiquity are of small conBcquence to our 
object. 

In more limited and more definite examples of in- 
quiry concerning tke cauaea of natural appearances, 
and in the attempts made to Batisfy men's curiosity in 
Buch cases, we appear to discern a more genuine prelude 
to the true spirit of physical inqiury. One of the moat 
remarkable iustauces of this kind is to be found in the 
Bpeculations which Herodotus records, relative to the 
cause of the floods of the Nila ' Concerning the nature 
of this river,' says the father of history,* '1 was not 
able to learn anything, either from the priests or from 
any one besidea, though I questioned them very press- 
ingly. For the Nile is flooded' for a hundred dayfi, 
beginning with the summer solstice; and after this 
time it diminishes, and is, during the whole winter, 
very small. And on this head I was not able to obtain 
anything satisfactory from any one of the Egyptian^ 
■when 1 asked what is the power by which the Nile ia 
in its nature the reverse of other rivers.' 

We may see, I think, in the historian's aeeonnt, that 
the Grecian mind felt a, craving to discover the reasonB 
of things which other nations did not feel. The Egyp- 
tians, it appears, had no theory, and felt no want of a 
theory. Not ao the Greeks; they had their reaaona to 
render, though they were not such as satisfied Herodotos. 
' Some of the Greeks,' he says, ' who wish to be con- 
sidered great philosophers, (^EKKtivwy rivtc cwnHijuit 
jiavMfuroi yiveaOai ito^/ijc) have propounded three ways 
of accounting for these floods. Two of them,' he adds, 
' I do not think worthy of record, except just so far as 
to mention them.' But as these are some of the earliest 
Greek essays in physical philosophy, it will be worth 
while, even at this day, to preserve the brief notice he 
has given of them, and his own reasonings upon the 
raune subject. 

' One of these opinions holds that the Etesian winds 
[which blew from the north] are the cause of these 
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floods, by prerenting the Kile from flowing into the 
aea.' Agamst this the historian reasons very simply 
and senaihly, ' Very ofleu when the Etesian winds do 
not blow, the Nile is flooded nevertheless. And more- 
orer, if the Etcsia,n winds were the cause, all other 
rivers, which have their course opposite to these winds, 
ought to undergo the sajne changes as the Nile ; which 
the rivers of Syria and Lihya so circiunfltanced do 

'The next opinion is still more unscientific, (omtti- 
ffrij/iovEffripi)) and is, in truth, marvellous for its folly. 
This holds that the ocean flows all round the earth, and 
that the Nile comes out of the ocean, and by that means 
prodoces its efiects.' ' Now,' says the historian, ' the 
man who talks about this oeean-river, goes into the 
region of fable, where it ia not easy to demonstrate that 
he ia wrong. I know of no such river. But I suppose 
that Homer or some of the eailier poets invented this 
fiction and introduced it into their poetry.' 

He then proceeds to a third account, which to a 
modem reasoner would appear not at all nnphilo- 
eophiciil in itself, but which he, nevertheless, rejects in 
a manner no less decided than the others. ' The third 
opinion, though much the most plausible, is still more 
wrong than the others ; for it asserts an impossibility, 
namely, that the Nile proceeds from the melting of the 
snow. Now the Nile flows out of Libya, and through 
Btiiopia, which are very hot countries, and thus cornea 
into Egypt, which ia a colder region. How then can 
it proceed from snow V He then offers several other 
Teosofls 'to show,' as he says, 'to any one capable of 
Teasoning on such subjects' (df^pi yc XoYl^iaOni TotovTiay 
wipi oifi re iovTi), that the assertion cannot be true. 
The winds which blow troai the southern regions are 
llot ; the inhabitants are black ; the swallows and kites 
(iKT'iyoi) stay in the country the whole year; the cranes 
fly the colds of Bcythia, and seek their warm winter- 
quarters there ; which would not be if it snowed ever 
80 little,' He adds another reason, founded apparently 
upon some limited empirical maxim of weather-wisdom 
taken from the climate of Greece. ' Libya,' he aaid, 
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' has neither rain nor ice, and therefore no snow ; for^ 
in five days after a fall of snow there must be a fall of 
rain; so that if it snowed in those regions it miiBt 
rain too.' I need not observe that Herodotus was i 
aware of the difierence between the climate of hi^ ■ 
mountaiua and plains in a torrid region; but it is 
impossible uot to be struck both with the activity and 
the coherency of thought displayed by the Greek mind 
in this primitive physical inquiry. 

But I must not omit the hypothesis which Hero- 
dotus himself proposes, after rejecting those which 
have been already given. It does not appear to me 
easy to catch his exact meaning, but the statement will 
BtiU be curious. ' If/ he says, ' one who has condemned 
opinions previously promulgated may put forwards his 
own opinion concerning so obscure a matter, I will state 
why it seems to me that the Nile is flooded in aunmier.' 
This opinion he propounds at first with an oracular 
brevity, which it is difficult to suppose that he did not 
intend to he impressive. ' In winter the sun ia carried 
by the seasons away irom hia former course, and goes 
to the upper imrte of Libya, And fA«re, in nhorC, M 
(Ae whole account; for that region to which this 
divinity (the aun) is nearest, must naturally be m.oat 
scant of water, tuxd the river-sources of that country 
must be dried up.' 

But the lively and garrulous Ionian immediately 
relaxes from this apparent reserve. ' To explain the 
matter more at length,' he proceeds, 'it ia thus. The 
sun, when he traverses the upper parts of Iiibya, does 
what he commonly does in summer; — he draws the 
water to him (iKkci iir' tui/roi' ru uSwp), and having thus 
drawn it, he pushes it to the iipper regions (of the air 
probably,) and then the winds take it and disperse it 
till they dissolve in mobture. And thus the winds 
which blow irom those countries. Libs and Notus, are 
the most moist of ail winds. Now when the winter 
relaxes and the aun returns to the nortih, he still draws 
water from all the rivers, but they are increased by 
showers and i-ain-torrenta, so that they are in flood till 
the summer comes; and then, the rain failing and 
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tlie aim still drawing them, theyheoome small. But the 
Nile, not lieing fed hy rains, yet being diawn by the aim, 
ia, alone of all rivera, much more Boauty in the winter 
than in the aiunmer. For in summer it is drawn lite 
all other rivers, but in winter it alone hae its supplies 
shut up. And in this way, I hare been led to think 
the Bon is the cause of the occurrence in question,' 
We may remark that the historian here appears tfl 
ascribe the inequoUty of the Nile at different seasocs 
to the influence of the sun upon its springs alone, the 
other cause of change, the rains, being here excluded r 
and that, on this supposition, the same relative effects 
would be produced whether the sun increase the 
sources in winter by melting the snows, or diminish 
them, in summer by what he calls drawing them 
upwards. 

This specimen of the early efforts of the Greeks in 
physical speculations, appears to me to speak strongly 
for the opinion that their philosophy on such subjects 
was the native growth of the Greek mind, and owed 
nothing to the supposed lore of £^ypt and the East ; 
an opinion which has been adopted with regard to the 
Greek philosophy in general by the most competent 
judges on a fiill survey of the evidence.* Indeed, we 
have no evidence whatever that, at any period, the 
African or Asiatic nations, (with the exception perhaps 
of the Indians,) ever felt thin importunate curiosity 
with regard to the definite application of the idea of 
cause and effect to visible phenomena; or drew so 
strong a line between a fabulous legend and a reason 
rendered; or attempted to ascend to a natural cause 
by clasong together phenomena of the same kind. 
We may be well excused, therefore, for believing that 
they could not impart to the Greeks what they them- 
selves did not possess ; and so far as our survey goes, 
physicHl philosophy has its origin, apparently sponta- 
neous and independent, in the active and acute intellect 
of Greece. 
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Sect. 2. — PHmitive Mistake in Greek Phijdcal 
FkUomphy. 

We hot proceed to esamine with what success the, | 
Greeks followed the track into which they had thus 
Btruck. And here we are obliged to confess that they 
very soon turned aside from the right road to truth, 
and deviated into a vast field of error, in which they 
and their successors have wandered almost to the 
present time. It is not neceaaary here to inquire why 
those faculties which appear to he bestowed, upon ua 
for the discoTery of truth, were permitted by Provi- 
dence to fidl so signally in answering that purjiose; 
whether, like the powers by which we seek our happi- 
ness, they involve a responsibility on our part, and 
may be defeated by rejecting the guidance of a higher 
faculty; or whether these endowments, though they 
did not immediately lead man to profound physical 
knowledge, answered some nobler and better purpose 
in his constitution and government. The fact un- 
doubtedly was, that the jihysical philosophy of the 
Greeks soon became trifling and worthless; and it is 
proper to point out, as precisely as we can, in what 
the fundamental mistake consisted. 

To explain this, we may in the first place retiim for 
a moment to Herodotus's account of the cause of the 
floods of the Nile. 

The reader will probably have observed a remark- 
able phrase used by Herodotus, in his own explanation 
of these inundations. He says that the sun drawa, or 
attracts, the water; a metaphorical term, obviously 
intended to denote some more general and abstract 
conception than that of the visible operation which the 
word primarily signifies. This abstract notion of 
' drawing' is, in the historian, as we see, very vague 
and loose; it might, with equal propriety, be explained 
to mean what we now understand by mechanical or 
by chemical attraction, or pi-essure, or evaporation. 
And in like manner, all the fii'st attempts to com- 
prehend the oijerations of nature, led to the introduction 




of abstract conceptiona, often Tague, indeed, but not, 
therefore, unmeaniug; such as motion and velocity, 
forct and preatwre, impetwg ajid mojiiendimi (powii). 
An d the nest st«p in pliiloHophiang, neceasarily was 
to endeftvour to make these vague abstractio 
clear and fixed, so that the logical faculty should he 
able to employ them securely and coherently. But 
there were two ways' of making this attempt; the one, 
by examining the words only, and the tho^ights which 
they call up; the other, by attending to the facts and 
things which bring these abstract terms into use. The 
latter, the method of real inquiry, was the way to 
success; but the Greeks followed the former, the verbal 
or notional course, and failed. 

If Herodotua when the notion of the sun's attracting 
the 'Waters of rivers had entered into his mind, had 
gone on to instruct himself, by attention to facta, in 
what manner this notion could be made more definite, 
while it still remained applicable to all the knowledge 
which could be obtained, he would have made some 
progress towards a true solution of his problem. If, 
for instance, he had tried to ascertain whether *itii« 
Attraction which the sun exerted upon the waters of 
rivers, depended on his influence at their fountains only, 
or was exerted over their whole course, and over waters 
which were not parts of rivers, he would have been led 
to reject his hypothesis; for he would have found, by 
obaervEtions sufficiently obvious, that the sun's Attrac- 
tion, as shown in such cases, is a tendency to lessen all 
expanded and open collections of moisture, whether 
flowing from a spring or not; and it would then be 
seen that this influence, operating on the whole surface 
of the Nile, must diminisli it as well ss other rivers, in 
Sommer, and therefore could not he the cause of its 
overflow. He would thus have corrected his first loose 
oonjecture by a real study of nature, and might, in the 
, course of his meditations, have been led to available 
botions of Evaporation, or other natiUTil actions. And, 
an like manner, in other cases, the rude attempts at 
explanation, which the first exercise of the speculative 
&(nilty produced, might have been gradunUy coi\wt\- 
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trated and refined, so as to fall in, both with the re- 
quiBitions of reason and the testimony uf sense. 

But this Wits not the direction which the Greek 
specnlatora took. On the contrary ; aa booh aa they 
had introduced into their philosophy any abstract a 
general conceptions, they proceeded to acrutinize these 
by the internal light of the mind alone, without any 
longer looking abroad into the world of sense. They 
took for granted that philosophy must result &om the 
relations of those notions whii^ are involved in the 
cummoii uae of language, and they proceeded to seek 
their philosophical doctainea by studying such notions. 
They ought to have reformed and fixed their usual con- 
ceptions by Observation ; they only analyged and ex- 
panded them by Reflection ; they ought to have sought 
by trial, among the Notions which passed tiirough their 
minds, some one which athnitted of exact application to 
Facta; they selected arbitrarily, and, consequently, 
erroneously, the Notions according to which Facts 
should be assembled and arranged : they ought to have 
collected clear Fundamental Ideas from the world of 
things by inductive acta of thought ; they only deiived 
results by Deduction from one or other of their &jniliar 
Oonceptions.^ 

When this false direction had been extensiTely 
adopted by the Greek philosophers, we may treat of it 
aa the method of their Seltools. Under that title we 
must give a further account of it. 

' The eoaraa by wbloh the acribcfl in de' 
Sclcnees were formed, and vhieh book xl., OJ 
It bere referred to aa ttittt wblch Soiemie, , 



CHAPTER 11. 

The Grerk School Philosophy. 



Sect. I. — T!ie general Foundation of the Greek School 
PhUogophy. 

THE physical philoaophy of tte Greek Scliools was 
formed by looking at tlie material world thi-ough 
the medium of that common, language which men em- 
ploy to answer the common occasions of life ; and by 
adopting, arbitrarily, as the grounds of com])ari3on of 
fax±a, and of inference from them, notions more abstract 
and large than those with which men are practically 
^miliar, but not lesa v^ue and obscure. Such a. phi- 
losophy, however much it might be aystematizad, by 
claaaifying and analyBing the conceptions which it 
involves, could not overcome the vices of its fundamental 
principle. But l)efore speaking of these defects, we 
must give some indications of its character. 

The propensity to seek for principles in the common 
usages of language may be discerned at a veiy early 
period. Thus we have an example of it ia a saying 
which is reported of Thales, the founder of Greek phi- 
loaophy.* When he was asked ' What is the greatest 
thing!' he replied, 'Place; for all other things are in 
the world, but the world is in it.' In Aristotle we 
have the oonaiunmation of this mode of speculation. 
The usual point from which he starts in his inquiries 
is, that we say thus or thus in common language. Thus, 
when he has to discuss the question, whether there be, 
in any part of the universe, a Toid, or apace in which 
there is nothing, he inquires first in how many senses 
we say that one thing is in another. He enumerates 
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many of theae f we aay the part is in the whole, as the 
iiugur is in the hand; again we say, the species is in 
the genus, as man is included in animal; again, the 
government of Greece is in the Ving ; and various other 
Hunses are described or exemplified, but of all these Oie 
i>M«t proper is when we say a thing is in a vessel, and 
generally, in place. He next examines wYtaX place is, 
and comes to thia conclusion, that ' if about a, body 
-there be another body including it, it is in place, and 
if not, not' A body moves when it changes its place; 
but he adds, that if vater be in a vessel, the Teasel 
being at rest, the parts of the water may still move, for 
they are included by each other; so that 'while thetrhole 
does not change its place, the parts may change their 
places in a circular order. Proceeding then to the 
question of a void, he, as usual, examines the difierent 
senses in which the term is uxed, and adopte, as the 
most proper, place ieitkout matter; with no usefiil 
result, as we shall soon see. 

Again,* in a question concerning mechanical action, 
he says, ' When a man moves a stone by pushing it 
with a stick, we say both that the man movea the stone, 
and that the stick moves the atone, hut the latter more 
properly.' 

Again, we find the Greek philosophers applying 
themselves to extract their dogmas from the most 
general and abstract notions which they could detect^ 
for example, — from the conception of fie Universe as 
One or as Many things. They tried to determine how 
far we may, or must, combine with these conceptions 
that of a whole, of parts, of number, of limits, of plao^ 
of beginning or end, of full or void, of rest or motion, 
of cause and effect, and the like. The analysis of auoh 
coBoeptiona with such a view, occupies, for instance, 
almost the whole of Aristotle's Treatise on tA» 
Heavens. 

The Dialogue of Plato, which is entitled Parmenides, 
apjiears at first as if its obj ect were to show the futility 
of this method of philosophizing; for the philosopher 



ITS 1-OtJSDATlON. 

-wLose Dame it beai^, is represented as arguing with aa 
Atheniaa named Aristotle,* aud, by a process of meta- 
physical aoalyais, reducing him at least to this conclu- 
sion, ' that whether One exist, or do not exist, it follows 
that both it and other things, with reference to them- 
selves and to each other, all and in all respects, both 
are and are not, both appear and appear not.' Yet the 
method of Flato, so far as concerns tivth of that Mod 
with which we are here concerned, was little more 
efficacious than that of his rival It consists mainly, 
aa may be seen in several of the dialogues, and especially 
in the TYnweiw, in the application of notions as loose 
aa those of the Peripatetics; for example, the concep- 
tions of the Good, the £eautiful, the Perfect; and 
these are rendered atOI more arbitrary, by assuming an 
acqu^ntance with the views of the C^«ator of the 
universe. The philosopher is thus led to iimviinH 
which agree with those of the Aristotelians, that there 
can be no void, that things seek their own place, and 
the Kke.^ 

Another mode of reasoning, very widely applied in 
these attempts, was the doctrine of contrarieties, in 
which it was assumed, that adjectives or substantives 
'which are in common language, or in some abstract 
mode of conception, opposed to each other, must point 
at some fundamental antithesis in nature, which it is 
important to study. Thus Aristotle^ says, that the 
Pythagoreans, from the contrasta which number suggests, 
collected ten principles, — Limited and Unlimited, Odd 
and Even, One and Many, Eight and Left, Male and 
Female, Rest and Motion, Straight and Curved, Light 
and DartnesH, Good and Evil, Square and Oblong. We 
shall see hereafter, that Aristotle himself deduced the 
doctrine of Four Elements, and other dogmas, by 
oppositions of the same kind. 

The physical speculator of the present day will learn 
without surprise, that such a mode of discussion aa 

• ThU Arl^tollF is not the Slugtrite. who was farty-Sve yean j'oungai 
lUan O»lo, but one of the ■ thirty tyriuilK,' Ba they were called 
' Tlmsua, p. fio. » Melaph, I. 5. 
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this, led to no truths of real or permanent value. The 
whole mass of the Greek philosophy, therefore, shrinks 
into an almost impereeptible compass, when viewed 
with reference to the progress of physical knowledge. 
Still the general character of this system, and its 
forttmeH from the time of ito founders to the overthrow 
of their authority, are not without their instruction, 
and, it may be hoped, not without their interest. I 
proceed, therefore, to give some account of these 
doctrines in their most fully developed and permSr 
nently received form, that in which they were pre- 
sented by Aristotle. 

Sect. 3. — The Arielolelian Physical PAiiosophy. 

The principal physical treatises of Aristotle are, the 
eight Books of ' Physical LeotureH,' the four Books ' Of 
the Heavens,' the two Books ' Of Production and 
Destruction:' for the Book 'Of the World' is now 
universally acknowledged to be spurious; and the 
' Meteorolo^cs,' though full of physical explanations 
of natural phenomena, does not exhibit the doctrines 
and reasonings of the school in so general a form; the 
same may be said of the ' Mechanical Problems.' The 
treatises on the various subjects of Natural History, 
' On Animals,' ' On the Parts of Animals,' ' On Plants,' 
' On Phyaiognomonics,' ' On Colours,' ' On Sound,' 
contain an eictraordinary accumulation of facta, and 
manifest a wonderful power of systematizing; but are 
not works which expound principles, and therefore do 
not require to be here considered. 

The Physical Lectures are possibly the work con- 
coming which a well-known anecdote is related by 
Simplicius, a Greek commentator of the sixth cemtury, 
as well as by Plutarch. It is said, that Alexander the 
Great wrote to his former tutor to this effect; " You ' 
have not done well in publishing these lectures; for 
how shaU we, your pupils, excel other men, if you 
make that pubhc to all, which we learnt from you 1' 
To this Aristotle is said to have replied ; ' My Lectures 
are published and not published; they will be iuteUi- 
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gible to those whn beard them, and to none beside.' 
This may very easily be a story invented and circulated 
among thoae wlio found the work beyond their com- 
prehenaon ; and it cannot be denied, that to make out 
the meaning and reasoning of every part, ■would be a 
task very laborious and difficult, if not impossible. 
But yre may foUow the import of a lai^ portion of the 
Fbyaical Lectures with sufficient clearness to apprehend 
the character and principles of the reasoning; and this 
is -what I ''>inll endeavour to do. 

The author's introductory statement of his ^-iew of 
the nature of philosophy fells in very closely with what 
lias been said, that he takes his facts and geuerali/ations 
as th^ are implied in the structure of language. ' We 
must in all cases proceed,' he says, ' from what is known 
to what is unknown.' This will not be denied ; but we 
can hardly follow him in his inference. He adds, ' we 
must proceed, therefore, from universal to particular. 
An d something of this,' he pursues, ' may be seen in 
language; for names signily things in a general and 
indefinite manner, as ciroie, and by defining we unfold 
them into particulars.' He illustrates this by saying, 
' thus children at first call all men_/b(Aer, and all women 
mother, but afterwards distinguish.' 

In accordance with this view, he endeavours to settle 
Beveral of the great questions concerning the universe, 
irliich had been started among subtle and speculative 
men, by unfolding the meaning of the words and 
phrases which are applied to the most general notions 
of things and relations. We have already noticed this 
method. A few examples will illustrate it further : — 
Whether there was or was not a void, or place without 
matter, had already been debated among rival sects of 
philosophers. The antagonist arguments were briefly 
these: — There must be a void, because a body cannot 
move into a space except it is empty, and therefore with- 
out a void there could be no motion: — and, on the 
other hand, there is no void, for the intervals between 
bodies are filled with air, and air is something. These 
opinions had even been supported by reference to ex- 
|>eriment. On the one hand, Anaxagoraa stui Via. 



^ 



J 



r 



34 THE GREEK SCHOOL PHILOSOPHY. 

Bchool liad Hhown, that air wlien confined, resisted 
compression, by squeezing a blown bladder, and press- 
ing down an inverted vesaei in the water; on the other 
hand, it WAS alleged that a vessel full of fine ashes held 
as much water as if the aahea were not there, ■whieh 
could only be explained by supposing void Bpscee 
among the ashes. Aristotle decides that there is no 
void, on such arguments as thia;' — In a void there 
could be no difference ofup and down j for as in nothing 
there are no differences, so there are none in a priva- 
tion or negation ; but a void is merely a privation, or 
n^ation of matter ; therefore, in a void, bodies oonld 
not move up and down, which it is in their nature to 
do. It is easily seen that such a mode of reasoning 
elevates the familiar forms of language and the in- 
tellectual connexions of terms, to a supremacy over 
facts; making truth depend upon whether terms are 
or are not privative, and whether we say that bodies 
fell mUiiralli/. In such a philosophy every new result 
of observation would be compelled to conform to the 
iisual combinations of phrases, as these had become 
associated by the modes of apprehension previously 
familiar. 

It is not intended here to intimate that the common 
modes of apprehension, which are the basis of common 
language, are limited and casual. They imply, on the 
contrary, universal and necessary conditions of our 
perceptions and conceptions: thus all things are neces- 
sarily apprehended as existing in Time and Space, and 
as connected by relations of Cause and Effect ; and so 
far OS the Aristotelian philosophy reasons &om these 
assumptions, it has a real foundation, though even in 
this case the conclusions are often inaecui-a We have 
an example of this reasoning in the eighth Book,^ 
■where he proves that there never was a time in whiah 
change and motion did not exist; 'For if all things 
were at rest, the fii-st motion must have been produced 
by some change in some of these things ; that is, there 
must have been a change before the firat change/ and 

' Physic. AniC. iv. 7. p. 21J. 1 I'liyaic. Auec. viii. 1. p. ijB. 
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again, 'How can be/ore and after apply when time i. 
noti or liow can time be wlien motion ia not? If,' he 
adds, ' time is a numeration of motion, and if time be 
eternal, motion must be eternal.' But he sometitnes 
introduces principles of a more arbitrary character; 
and beaideB the general relations of thought, takes for 
granted the inventions of previous speculators ; such, for 
instance, as the then commonly-received opinions con- 
cerning the frame of the world. From the assertion 
that motion is eternal, proved in the manner jnat stated, 
Aiistotle proceeds by a curious train of reasouing, to 
identify this eternal motion with the diurnal motion 
of the heavens. ' There must,' he says, ' be something 
■which is the First Mover:'" this follows from the 
relation of causes and effects. Again, ' motion must 
go on conatantiy, and, therefore, must be either con- 
tinuous or successive. Now what is continuous is 
more properly said to take plMce eonatanily, than 
■what ia successiva Also the continuous is better; 
but we always suppose that which ia better to take 
place in nature, if it be possible. The motion of 
the First Mover wiB, therefore, be continuous, if such 
an. eternal motion be possible.' We here see the 
■vague judgment of hett&r and toorse introduced, as that 
of natwral and unnativral was before, into physical 
reBflouingH. 

I proceed with AiTstotle's argument."* ' We have 
now, therefore, to show that there may he an infinite, 
single, continuous motion, and that this is circular.' 
This is, in fact, proved, aa may readily be conceived, 
from the consideration that a body may go on per- 
petually revolving uniformly in a circle. And thus 
we have a demonstration, on the principles of this 
philosophy, that there is and must be a First 
Mover, revolving eternally with a uniform circular 
motion. 

Though this kind ot philosophy may appear too 
trifling to deserve being dwelt upon, it is important 
for our purpcee so far aa to exemplify it, that we may 
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afterwards advance, confident that wo have done it 
)njustic& 

I will now pass from the doctrines relating to the 
motions of the heavens, to those which concern the 
material elements of the Hniverse, And here it laay 
he remarked that the tendency (of which we are hei* 
tracing the development) to extract speculative opinions 
from the relations of words, must be rery natural to 
man; for the very widely accepted doctrine of the 
rotir Elements which ap[>ears to he founded on the 
opposition of the adjectives hot and cold, wet and dry, 
is much older than Aristotle, and waa probably one of 
the earliest of philosophical dogmas. The great master 
of this pliilosopby, however, puts the opinion in a niore 
systematic manner than his predecessors. 

' We seek,' he says,*^ 'the principles of sensible tbings, 
that is, of tangible bodies. Wo must take, therefor^ 
not all the contrarieties of quality, but those only 
■which have reference to the touch. Thus black and 
white, sweet and bitter, do not differ as tangible 
qualities, and therefore must be rejected from our 
consideration. 

' Now the contrarieties of quality which refer to the 
touch are these: hot, cold; dry, wet; heavy, light; 
hard, soft ; unctuous, meagre ; rough, smooth ; dense, 
rare.' He then proceeds to reject all but the four 
first of these, for various reasons ; heavy and light, 
because they are not active and passive qualities; the 
others, because they are combinations of the four first, 
which therefore he infers to be the four elementary 
qualities. 

' ^*Now in four things there are six combinations of 
two ; but the combinations of two opposites, as hot 
and cold, must be rejected ; we have, therefore, four 
elementary oombmations, which agree with the four 
apparently elementary bodies. Fire is hot and dry; 
air is hot and wet (for steam is air); water is cold and 
wet, earth is cold and dry.' 

It may be remarked that this disposition to assume 

" De Gen. el Corrnpf. ii. ;. i- til. 3. 
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1 elementary quality must exist in 
a which we habitually apply a common ad- 
jective, as it began before the reign of the Atistotelian. 
philosophy, so also survived its influence. Not to 
mention other cages, it would be difficult to free 
Bacou'e Inquiskio in naturam calidi, ' Examination of 
the nature of heat,' fiiDm the charge of confounding 
together very different classes of phenomena under the 
cover of the word hoi. 

The correction of these opinions concerning the 
elementary oomposition of bodies belongs to an ad- 
vanced period in the history of physical knowledge, 
even after the revival of its progress. But there are 
some of the Aristotelian doctrines which particularly 
deserve our attention, from the prominent share they 
had in the very first beginnings of that revival; I nieaa 
the doctrines concerning motion. 

These are still founded upon the same mode of 
reasoning from adjectives ; but in this case, the result 
follows, not only from the opposition of the words, but 
also from the distinctiou of their being aUaoliUehj or 
rdaiivdy true. ' Former writers,' says Aristotle, ' have 
considered heavy and light relatively only, taking cases, 
where both things have weight, but one is lighter than 
the other ; and they imagined that, in this way, they 
defined what was absdviely (dirXSc) heavy and light.' 
We now know that things which rise by their light- 
ness do so only because they are pressed upwards by 
beavier suiTounding bodies ; and this assumption of 
absolute levity, which is evidently gratuitous, or rather 
merely nominal, entirely vitiated the whole of the 
mcceeding reasoning. The inference was, that fire 
must be absolutely light, aineo it tends to take its place 
above the other three elements ; earth absolutely 
heavy, since it tends to lake its place below fire, air, 
and wat«r. The philosopher argued also, with great 
acutene^ that air, which tenda to take its place below 

B and above wat«r, must do ao by i^ nature, and not 
in virtue of any combination of heavy and light ele- 
ments. ' For if air were composed of the patta ■wVS.^ii 
give Bre ita lerity, joined vnth other parts -w^nc^i. y">" 
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duce gravity, we might assume a quantity of air bo 
large, that it nhoultl be lighter than a small quantity 
of fij'e, having more of the light parts.' It thus follows 
that each of the four elements tends to its own place, 
fire being the highest, air the nest, water the next, and 
earth the lowest. 

The whole of this train of errors arises from fallaoies 
■which have a verbal origin. ; — from considering light 
as opposite to heavy; and from considering levity as 
a quality of a body, instead of regarding it as the effect 
of surrounding bodies. 

It is worth while to notice that a difficulty which 
otluu emboirasses persona on their enti-ance upon phy- 
sical speculations,— the difficulty of conceiving that np 
and down are different directions in different places, — 
had been completely got over by Aristotle and the 
Greek philosophers. They were steadily convinced of 
the roundness of the earth, and saw that this truth led 
to the conclusion that all heavy bodies tend in con- 
verging directions to the centre, And, they added, as 
the heavy tends to the centre, the light tends to the 
exterior, ' for Exterior is opposite to Centre aa heavy 
is to light.'i^ 

The tendencies of bodies downwards and upwards, 
their weight, their fidl, their floating or sinking, were 
tliHS accounted for in a manner which, however un- 
sound, satisfied the greater pari^ of the speculative 
■world till the time of Galileo and Stevinns, though 
Arehimedes in the mean time published the true 
theory of floating bodies, which is very different from 
that above stated. Other parts of the doctrines of 
motion were delivered by the Stagirite in the same 
spirit and with the same success. The motion of a 
body wliich is thrown along the ground diminishes and 
finally ceases; the motion of a body 'which falls from 
a height goes on becoming quicker and quicker; thia 
was accounted for on the usual principle of opposition, 
by saying that the former is a violent, the latter a 
natural motion. And the later writers of this school 
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ixpreesed the oharactors of anch motions in verse. The 
rule of natural motion was'* 

im fine calebit. 
warmer glows. 
And of violeut motion, the law was— 

Principinm fervet, medinm calet, altima frigst. 
Hot at the first, llieii tOirel; wana, then cold. 

It appears to have been considered by Aristotle a 
difficult problem to explain why a stone thrown from 
the hand continues to move for some time, and then 
stops. If the hand was the cause of the motion, how 
could the stone move. at all when left to itself? if not, 
why does it ever stop) And he answers this difficulty 
by saying,'° * that there is a motion communicated to 
the air, the successive parts of which urge the stone 
onwards ; and that each part of tliis medium continues 
to act for some while after it has been acted on, and 
the motion ceases when it comeH to a particle which 
cannot act after it has ceaaed to he acted on.' It will 
be readily seen that the whole of this difficulty, con- 
cerning a body which moves forwards and is i-etarded 
till it stops, arises from aacribiug the retardation, not 
to the real cause, the surroundiug resistances, but to 
the body itself. 

One of the doctiines which was the subject of the 
-warmeet discussion between the defenders and opposers 
of Aristotle, at the revival of physical knowledge, was 
that in which he asserts'* ' That body is heavier than 
another which in an equal bulk moves downward 
quicker.' The opinion maintained bythe Aristotelians 
»t the time of Galileo was, that bodies ^1 quicker 
exactly in proportion to their weight. The master 
himself asserts this in express terms, and reasons upon 
it.^' Yet in another passage he appears to distingnjsh 
between weight and actual motion downwards '* ' la 
phyaica, we call bodies heavy and light from their 

" Alttid. Encyc. torn. i. p. 037. '• De C«lo, iii. 1, 



40 THE GREEK SCHOOL PHILOSOPHY. 

povier of motion ; but these namea are not applied to 
their actual operations (fvipyfiaii) except any one 
thinks vwmenlwm (pon-i)) to be a word of both appli- 
cations. But heavy and light are, as It were, the 
tTtiiers or sparks of motion, and therefore proper to be 
treated of here.' 

The distinction just alluded to, between Power or 
Faculty of Action, and actual Operation or Energy, ia 
one very fi-equently referred tii by Aristotle; and 
though not by any means useless, may easily bo so nsed 
as to lead to mere verbal refinements instead of aub- 
stanlial knowledge. 

The Aristotelian distinction of Causes has not any 
very immediate bearing upon the parts of physics of 
which we have here mainly spoken; but it was so 
extensively accepted, and so long retained, that it may 
be proper to notice it.'' ' One kind of Cause is the 
matter of which anything is made, as bronze of a 
statue, and silver of a phial; another ia the form and 
pattern, as the Cause of an octave is the ratio of two 
to one; a^in, there ia the Cause which is the origin 
of the production, as the father of the child; and 
again, there is the End, or that for the Bake of which 
anything ia done, as health is the cause of walking.' 
These four kinds of Cause, the ^iMterial, the /onntrf, the 
efficient, and tie faial, were long leading points in all 
speculative inquiries; and our familiar forms of speech 
still retain traces of the influence of this division. 

It is my object here to present to the reader in an 
intelligible shape, the principles and mode of reasoning 
of the Aristotelian philosophy, not its results. If this 
■were not the ease, it would be easy to excite a smile 
by insulating some of the passages which are most 
remote fiTom modem notions. I will only mention, as 
specimens, two such passages, both very remarkable. 

In the beginning of the book ' On the Heavens,' Le 
proves™ the world to be perfect, by reasoning of the 
foUowing kind: 'The bodies of which the world is 
composed are solids, and therefore have three dimen- 

» Phyi.il 3- * DeCoelo, i. i. 
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Biona; now three is the most perfect niunber; it ia the 
first of numbers, for of one we do not speak as a 
number; of two we say both; but three ia the first 
num.ber of which we say all; moreover, it has a 
beginnitig, a middle, and an end.' 

The reader will atill perceive the verbal foundations 
of opinions thus supported. 

' The simple elements must have simple motions, 
and thus fire and air have their natural motions 
npwards, and water and earth have their natural 
motions downwards; but besides these motions, there 
is motion in a circle, which is unnatural to these ele- 
ments, but which is a more perfect motion than the 
other, because a circle is a perfect line, and a straight 
line ia not; and there must be something to which 
this motion is naturaL From this it is evident,' he 
adde, with obvious animation, ' that there is some 
essence of body different from those of the four ele- 
ments, more divine than those, and superior to them. 
If things which move in a circle move contrary to 
nature, it is marvellous, or rather absurd, that this, the 
unnatural motion, should alone be continuous and 
eternal; for unnatural motions decay speedily. And 
BO, from all this, we must collect, that besides the four 
elements which we have here and about us, there is 
another removed far off, and the more excellent in pro- 
portion as it is more distant from us.' This fifth 
element was the ' qmn/a essentia' of after writers, of 
which we have a trace in our modem literature, in the 
word quhitessence. 

Sect. 3. — Tedmieal Forms of i}ie Greek Schools. 

Wb have hitherto considered only the principle of 
the Greek Physics; which was, as we have seen, to 
deduce its doctrines by an analysis of the notions which 
common language involves. But though the Grecian 
philosopher began by studying words in their common 
meanings, he soon found himself led to fix upon some 
special shades or applications of these meanings as t\v« 
permanent and standard notion, which they ■weve to 
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express; tbat is, he made his language technical. The 
inventioa aiid establishment of technical terms ia an 
important step in any philosophy, true or &lae; we 
must, therefore, say a. fuw words on this process, &s 
exemplified in the ancient systems. 

1. Technical Forms of ike Ai^lolelian PkUosophy. — 
We have already had occasion to cite some of the di&- 
tinotiona introduced by Aristotle, which may be con- 
sidered as technical ; for instance, the classification of 
Causes as ^nalerieU, formal, f^ideiU, a.nA final; and the 
opposition of Qualities as absolute and relative. A. few 
more of the moat important examples may suffice. An. 
analysis of objects into Mailer and Form, when meta- 
phorically extended from visible objects to things con- 
ceived in the most general manner, became an habitual 
hypothesis of the Aristotelian school. Indeed this 
metaphor is even yet one of the most significant of 
those which we can employ, to suggest one of the taost 
comprehensive and fundamental antitheses with which 
philosophy has to do ; — the opposition of sense and 
reason, of impressions and laws. In this application, 
tJiB German philoeophera have, up to the present time, 
rested upon this distinction a great part of the wmgLb 
of their systems; as when Kant says, that Space and 
Time are the Forms of Sensaiion. Even in our own 
langu^e, we retain a trace of the influence of this 
Aristotelian notion, in the word Information, when 
used for that knowledge, which may be conceived as 
moulding the mind into a definite shape, instead of 
leaving it a mere mass of unimpressed susceptibility. 

Another favourite Aristotelian antithesis is that 
of Power and Act {ivrafiis, ifipycia). This distinction 
is made the basis of most of the physical philosophy of 
the school ; being, however, genersdly introduced with 
a peculiar limitation. Thus, Light is defined to he 
' the Act of what is lucid, as being lucid. And if,' it 
is added, ' the lucid he so in power but not in act, we 
have darkness,' The reason of the limitation, 'as 
being lucid,' is, that a, lucid body may act in other 
wnya; thus a torch may move as well as shine, but its 
moving is not its act as heing aluddXioi^. 




'Technical forms, 

Arbitotle appears to be well satisfied with this 
explanatiou, for he goes on to say, ' Thua light is not 
Fire, nor any body whatever, or the emanation of any 
body, (for that would be a kind of body,) but it is the 
prBBence of something like Fire in the body ; it is, 
however, impossible that two boclies should exist in 
the same place, so that it is not a body ' and this 
reasoning appears to leave him more satii£ed with his 
doctrine, that Light is an Ener({y or Act. 

But we have a more distinctly technical fonn given 
to this notion. Aristotle introduced a word formed 
by himself, to express the aet which is thus opposed to 
inactive power: this is the celebrated word kyrckiyita. 
Thus the noted definition of Motion in the third book 
of the Physics,=i is that it ia ' the Eiddechy, or Act, of 
a moveable body in respect of being moveable ;' and the 
definition of the Soul ia^^ that it is ' the Entelechy of a 
natural body which has life by reason of its power.' 
This word has been variously translated by the fol- 
lowers of Aristotle, and some of them have declared it 
untranslateable. Act and Action are held to be inade- 
quate substitutes ; the very act, ipse eureus actionis ia 
employed by some ; primus actus ia employed by 
many, but another school use primua actus of a non- 
operating form. Budreua uses ^eada. Cicero^ 
translates it ' quasi quaadam continuatam motionem, 
et perennem;' but this paraphrase, though it may fall 
in with the description of the soul, which is the 
subject with which Cicero is concerned, does not appear 
to agree with the general applications of the term. 
Hennolaus Barbarus is said to have been so much 
oppressed with this difficulty of translation, tliat he 
consulted the evil spirit by night, entreating to be 
supplied with a more common ujid familiar substitute 
for this word : the mocking fiend, however, suggested 
only a word equally obscure, and the translator, dis- 
contented with this, invented for himself the word 
jKr/eclikabia. 

We need not here notice the endlesa ap\ia.ratajs, wt 
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technicalities wbicl] was, in later days, introduced into 
the Aristotelian philosophy ; but we may remark, that 
their long continuance and extensive use show iia how 
powerful technical phraseology is, for the perpetuation, 
either of truth or error. The Aristotelian terms, and 
the metaphysical views which they tend to preserve, 
are not yet extinct among us. In a very recent age 
of our literature it was thought a worthy employment ] 
by some of the greatest writers of the day, to attempt i 
to expel this system of technieahties by ridicule. 

' Crambe regretted extremely that suhstanliid fo , j 

a race of harmless beings, which had lasted for many ] 
years, and afforded a comfortable subsiatence to many 
poor philosophers, ehoidd now be hunted down like so 
many wolves, without a possibility of retreat. He 
considered that it had gone much harder with them 
than with essences, which had retired from the schools 
into the apothecaries' shops, where some of them had ' 
been advanced to the degree of quinUaaences.'^^ 

We must now say a few words on the technical 
terms which others of the Greek philosophical secta 
introduced. 

2. Technical Forms of the Plalonisls. — The other 
secta of the Greek philoKophy, as well as the Aristo- 
teliau.s, invented and adopted technical terms, and 
thus gave fixity to their tenets and consistency to 
their traditionary systems; of these I will mentioa 

A teclinical expression of a contemporary school 
has acquired perhaps greater celebrity than any of the 
terms of Aristotle. I mean the Idea» of Plato. The i 
account which Aristotle gives of the origin of these 
will serve to explain their nature.^" ' Plato,' says he, 
'who, in his youth, was in habits of commumcation 
first with Cratylus and the Heraolitean opinions, 
which represent all the objects of sense as being in a 
perpetual flux, so that conceming these no science nor 
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sertain knowledge can exist, enteitained the i 
opiniona at a later period also. When, afterwurds, 
Socrates treated of moral subjects, and gave no atten- 
tion to physics, but in the subjecta which he did 
discuss, arrived at universal truths, and before any 
man, turned his thoughts to definitions, Plato adopted 
Bmiilar doctrines on this snbjcct alsoj and cousti-ued 
them in this way, that these truths and definitions 
must be applicable to something else^ and not to 
sensible things : for it was impossible, he conceived, 
that there should be a general common definition of 
any sensible object, since snch were always in a state 
of change. The things, then, which were the subjects 
of universal truths he called Ideag; and held that 
objects of sense had their names according to Ideas 
and after them ; so that things participated in that 
Idea which had the same name as was applied to 
them.' 

In agreement with this, we find the opinions sug- 
gested in the Farmemdes of Plato, the dialogue which 
is considered by many to contain the moat decided 
exposition of the doctrine of Ideas. In this dialogue, 
Parmenidea is made to say to Socrates, then a young 
man,^ ' Socrates, philosophy has not yet claimed you 
for her own, as, in my judgment, she will claim you, 
and you will not dishonour her. As yet, like a young 
man as you are, you look to the opinions of men. But 
tell me this : it appears to you, as you say, that there 
are certain Kinds or Ideas (e!3i)) of which things par- 
take and receive applications according to that of 
■which they partake ; thus those things which partake 
of Liicejiesg are called like; those things which partake 
of Greatiiesg are called great; those things which par* 
take of Beauty and Justice are called beautiful and 
just^ To this Socrates assents. And in another part 
of the dialt^ue he shows that these Ideas are not 
included in our common knowledge, from whence he 
infers that they are objects of the Divine mind. 

In the Fhtedo the same opinion is maiutained, and 

!5 rurmoniil y .3i. 



J 



the lasli 



46 THE GREEK SCHOOL PHILOSOPHY. 

ia summed up in this way, by a reporter of the lasli 
conversation of Socrates,^^ dvai n ixaiTTov tuv iihSv, 
».«! TovTuy r'dXXa lUTtiXafijiayovTa auriiv rourujv t^v 
iiru/vvfiiai' i<r)ftiv ; ' that each Kind has an existence, 
and that other things partake of these £inda, and are 
called according to the Kind of which tliey partake.' 

The inference drawn from this view waa, that in 
order to obbiiii true and certain knowledge, men muat 
elevate themaelrea, aa much as possible, to these Ideaa 
of the qualities which they have to consider : and as 
things were thus called after the Ideas, the Ideas had 
a priority and pre-eminence assigned them. The Idea 
of Good, Beautiful, and Wise, was the ' First Good,' 
the ' First Beautiful,' the ' First Wise.' This dignity 
and distinction were ultimately earned to a large 
extent Those Ideas were described as eternal and 
Bclf-aubsisting, forming aa ' Intelligible World,' full of 
the models or archetypes of created things. But it is 
not to our purpose here to consider the Platonic Ideas 
in their theological bearings. In physics they were 
applied in the same form as in morals. The primum 
ealidiMn, priiwami frigidum,, were those Ideas of funda- 
mental Principles by participation of which, all things 
were hot or cold 

This school did not much employ itself in the deve- 
lopmont of its piinciples as applied to physical in- 
quiries : but we are not without examples of such 
Bpeculations. Plutarch's Treatise rifpi rou Xlpiirou 
^u'Xpoi', ' On the First Cold,' may be cited aa one. It 
is in reality a discussion of a question which has been 
agitated in modem times also ; — ^whether cold be a 
positive quality or a mere privation. 'Ia there, 
Favorinus,' he begins, ' a First Power and Essence of 
the Oold, aa Fire is of the Hot ; by a certain presence 
and participation of which all other things are cold : or 
ia rather coldness a privation of heat, as darkness is of 
light, and rest of motion)' 

3, Technical Forme of the Fythagoreane. — ^Xhe 
Numhera of the Pythagoreans, when propounded aa 

S rilleilo,p, 101. 
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the explanation of physical phenomena, as they ■were, 
are still more obscure than the ideas of the Platooists, 
Thei-e were, indeed, considerable resemblances in the 
way in which these two lands of notions were spoken 
o£ Plato called his Ideas unities, raonada; and as, 
according to him, Ideas, so, according to the Fythago- 
reass, Uumbera, were the causes of things being what 
they ara"* But there was this difference, that things 
shared the nature of the Platonic Ideas ' by participa- 
tion,' while they shared the nature of Pythagorean 
Numbers ' by imitation.' Moreover, the Pythagoreans 
followed their notion out into much greater develop- 
ment than any other school, investing particular 
numbers with extraordinary attributes, and applying 
them by "very strange and forced analogies. Thus the 
number Four, to which they gave the name of Te- 
traetya, was held to bo the most pei-fect number, and 
waa conceived to correspond to the human soul, ia 
some way which appears to be very imperfectly under- 
stood by the commentators of this philosophy. 

It has been observed by a distinguished modem 
scholar,*" that the place which Pythagoras ascribed to 
his numbers is intelligible only by supposing that he 
confounded, first a numerical unit with a geometrical 
point, and then this with a. material atom. But this 
critirasm apjiears to place systems of physical philosophy 
under requisitions too severe. If all the essential pro- 
perties and attributes of things were fully represented 
by the relations of Dumber, the philosophy which sup- 
plied such an explanation of the universe, might well 
be excused from explaining also that existence of 
objects which is distinct firam the existence of all their 
quialities and properties. The Pythagorean love of 
numerical specula^ons might have been combined with 
the doctrine of atoms, and the combination might have 
led to resnlta well worth notice. But so far as we are 
aware, no such combination was attempted in the 
ancient schools of philosophy; and perhaps we of the 
present day are only just beginning to perceive, through 

» ArlsL Melapli. j. a. ^ ThirlwalVa Hist. CT.a. \jvv. 



Lnhv. f.lin 



48 THE GKEEK SCHOOL PHILOSOPHY. 

the disclosures of chemistry and crystallography, the 
importance of such a line of inquiry. 

4. Technical Formg of ike Atomists and Ol/iera. — 
The atomic doctrine, of which we have just spoken, 
WHS one of the most definite of the physical doctrines 
of the ancients, and was applied with most peraeyemnca 
and knowledge to the esplanntion of phenomena. 
Though, therefore, it led to no success of any conse- 
quence in ancient times, it served to transmit, through 
a long series of ages, a habit of really physical inquiry; 
and on this account, has been thought worthy of an 
historical disquisition by Baoon.^ 

The technical term. Atom, marks sufficiently the 
nature of the opinion. According to this theory, the 
world consiats of a collection of simple particles, of one 
kind of matter, and of indivisible smallness, (as the 
name indicates,) and by the various configurations and 
motions of these particles, all kinds of matter and all 
material phenomena are produced. 

To this, the Atomic Doctrine of Leucippus and 
Democritus, was opposed the Homoiomeria of Anax- 
agoras; that is, the opinion that material things con- 
sist of particles which are homogeneous in each kind 
of body, but various in different kinds ; thus for 
example, since by food the flesh and blood and bones 
of man increase, the author of this doctrine held that 
there are in food particles of flesh, and blood, and bone. 
As the former tenet points to the corpuaoidar theories 
of modern times, so the latter may be considered as a 
dim glimpse of the idea of chemical analysis. The 
Stoics also, who were, especially at a later period, 
inclined to materialist views, had their technical modes 
of speaking on such subjects. They asserted that 
matter contained in itself tendencies or dispositions to 
certain forms, which dispositions they caJled Xdyoi 
acpfiartnoi, seminal proportions, or seminal Teaaone. 

Whatever of sound view, or right direction, there 
might be in the notions which suggested these and 

1 Parmcnidia el Telesii et pnecipue Democrill Phllosopliia, tc., 
Woria, vol. ix. J17. 
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otlier technical espresaiona, was, in all the schools t 
philosophy (30 far as physics was concerneJ), quenched 
and overlaid by the predominance of trifling and 
barren Rpeculatioos ; and by the love of subtilizing and 
commenting upon the works of earlier writers, instead 
of attempting to interpret the book of nature. Hence 
these technical terms served to give fixity and per- 
manence to the traditional dogmas of the sect, but led 
to no progress of knowledge. 

The advances which were made in physical science 
proceeded, not from these schools of philosophy, (if we 
except, perhaps, the obligations of the science of Har- 
monica to the Pythagoreans,) hut from reasonera who 
followed an independent path. The sequel of the 
ambitious hopes, the vast achemes, the confident under- 
takings of the philosophers of ancient Greece, was an 
entire failure in the physical knowledge of which it is 
our business to trace the history. Yet we are not, on 
that account, to think slightingly of tliese early specu- 
latoi's. They were men of extraordinary acuteness, 
invention, and range of thought; and above all, they 
had the merit of first completely unfolding the specu- 
lative laculty; — of starting in that keen and vigorous 
chase of knowledge, out of which all the subsequent 
culture and improvement of man's intellectual stores 
have arisen. The sages of early Greece form the heroic 
age of science. Like the first navigators in their own 
mythology, they boldly ventured their untried bark in 
a distant and ardnous voyage, urged on by the hopes 
of a supernatural success; and though they missed 
the imaginary golden prize which they sought, they 
unlocked the gates of distant regions, and opened the 
seas to the keels of the thousands of adventurers, who, 
in succeeding times, sailed to and fro, to the indefinite 
increase of the mental treasures of mankind. 

But inasmuch as their attempts, in one sense, and at 
first, fuled, we must proceed to offer some account of 
ihia f^ur^ and of its nature and causes. 
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CHAPTER III. 



Sect. I. — Result of (he Greek School Philoiophy. 

THE methods and forms of phUosophizing which ■« „ 
have described as employed by the Greek SchoolSj 
failed altogether in their application to physics. Koi 
discovery of general laws, no explanation of epecid 
phenomena, rewarded the acuteuess and boldness cA 
these early students of nature. Astronomy, which made 
considerable progress during the existence of the sed; 
of Greek phiiosophera, gained perhaps something by tli( 
authority with which Plato taught the supremacy a 
imiversality of mathematical rule and order; and t 
truths of Harmonics, which had probably given rise 
the Pythagorean passion for numbers, were cultiv 
with much care by that school. But after these fi 
impulses, the sciences owed nothing to the philoBOphicH 
soctsj oud the vast and complex accumulations ani 
apparatus of the Stagirite do not appear to have led t( 
any theoretical physical truths. 

This assertion hardly requires proof, since in t 
existing body of science there are no doctrines i 
which we are indebted to the Aristotelian Schoo 
Real truths, when once established, remain to the e 
of time a part of the mental ti-easure of man, and m 
be discerned through all the additions of later d^ 
But we can point out no physical doctrine dj 
received, of wliich we trace the anticipation in Ariatotl 
in the way in which we see the Copemican ayst* 
anticipated by Aristarchua, the resolution of t 
heavenly appearances into circular motions snggpsti 
by Plato, and the numerical relations of i 
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intervala aacriT^ed to Pythagoras. ' But it may be 
■worth while to look at this matter more closely. 

Among the works of Aristotlej we thirty-eight 
chapters of ' Problems,' which may serve to exemplify 
the progress he had really made ia the reduction of 
phcjiomena to laws and causes. Of these Problems, a 
large proportion are physiological, and these I here 
pass by, as not iliustrative of the state of physical 
knowledge. Bat those which are properly physical 
are, for the most part, questions concerning such facta 
and difficulties as it is the peculiar business of theory 
to explain. Now it may be truly said, that in scarcely 
any one instance are the answers, which Aristotle 
gives to his questions, of any value. For the most 
part, indeed, he propounds his answer with a degree 
of hesitation or racillation, which of itself shows the 
absence of all scientific distinctness of thought; and 
the opinions so offered never appear to involve any 
settled or general principle. 

We may take, as examples of this, the problems of 
the simplest kind, where the principles lay nearest at 
hand, — the mechanical ones. ' Why,' he asks,^ ' do 
small forces move great weights by means of a lever, 
when they have thus to move the lever added to the 
weight 1 Is it,' he suggests, ' because a greater radius 
moves faster!' ' Why does a small wedge split great 
weights!* Is it because the wedge is composed of 
two opposite levers?' ' Why,* when a man rises from 
a chair, does he bend his leg and hia body to acute 
angles with his thigh) Is it because a right angle ia 
connected with equality and restf 'Why* can a man 
throw a stone further with a aling than with hia 
handl Is it that when he thi-ows with his hand he 
moves the stone from rest, but when ho uses the sling 
he throws it already in motioii V ' Why,^ if a circle 
be thrown on the ground, does it first describe a 
straight line and then a spiral, as it falls! Is it that 
the air first presses equally on the two sides and 

), 18. 'ib.ji. 'lb.\i. 
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supports it, and nf^erwards presses on one side a 
'Why" in it diificult to distinguish a muaical note 
from the octave above 1 la it tliat proportion stands 
in the place of equality)' It must be aJIowed that 
these are yery yague and worthless Burmises; for even 
if ve were, as some commentators have done, to 
interpret some of them so as to agree with sound phi- 
losophy, we should still be unable to jmint out, in this 
author's works, any clear or permanent apprehension 
of the general priuciplea which such an inteipretation 

Thus the Aristotelian physios cannot be considered 
as otherwise than a complete fiiUure. It collected do 
genera] laws from factsj and consequently, when it 
tried to exjilain facta, it had no princijiles which were 
of any avail. 

The same may be said of the physical speculations 
of the other Hchoola of philosophy. They arrived at 
no doctrines from which they could dednce, by sound 
reasoning, such iacts as they saw; though they often 
venture so far to trust their principles as to infer from. 
them propositions beyond the domain of sense. Thus, 
the principle that each element seeks ito oton place, led 
to the doctrine, that, the place of fire being the highest, 
there ia, above the air, a Sphere of Fire; of which 
doctrine the word Empyrean, used by our poets, still 
conveys a reminiscence. The Pythagorean tenet that 
ten is a pei'fect number,' led some persons to assume 
that the heavenly bodies are in number ten ; and as 
nine only were known to them, they asserted that there 
was an anticht/um, or eounter-ecK-th, on the other side 
of the sun, invisible to na. Their opinions respecting 
numerical i^tios, led to various other speculations con- 
cerning the distances and positions of the heavenly 
bodies: and as they had, in other caaee, found a con- 
nexion between proportions of distance and musical 
notes, they assumed, on this suggestion, (/« miwtc of 
Uie splieres. 

Although we shall look in vain in the physicd 

^nipi 'Ap/iov. 14. ' t.ti4V.MetBi!l>.l S. 
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philosophy of the Greek Schools, for any resulta more 
viiluable than those just mentioned, we shall not be 
surprised to find, recollecting how much nu admiration 
for clafisical antiquity has possessed the minda of mea, 
that some writers estimate their claims much more 
higiily than they are stated here. Among such writers 
we may notice Dutens, who, in 1766, published his 
'Origin of the Discoveries attributed to the Modems; 
in which it is shown that our most celebrated Fhi- 
losophera have received the greatest part of their 
knowledge fixim the Works of the Ancients.' The 
thesis of this work ia attempted to be proved, as we 
might expect, by very large interpretations of the 
general phrases used by the ancients. Thus, when 
Timieus, in Plato's dialogue, says of the Creator of the 
world," ' that he infused into it two powers, the origins 
of motions, both of that of the same thing, and of that 
of different things;' Dutens^ finds in this a clear indica- 
tion of the projectile and attractive forces of modem 
science. And in some of the common declamation 
of the Pythagoreans and Platonists, concerning the 
general prevalence of numerical relations in the 
universe, he discovers their aoquaintance with the law 
of the inverse square of the distance by which gravita- 
tion ia regulated, though he allows'" that it required all 
the penetration of Uewton and his followers to detect 
this law in the scanty fragments by which it is trans- 
mitted. 

Argament of this kind is palpably insufficient to 
cover the failure of the Greek attempts at a general 
physical phitoBophy ; or rather we may say, that such 
ai^n^meuts, since they are as good as can be brought in 
&vour of such an opinion, show more clearly how entire 
the failure was. I proceed now to endeavour to point 
oat its causes. 
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Sect. 2. — Cause if the Failure of ilie GTeek Physical 

Philoaophy. 
The cause of the failure of bo many of the attempts of 
the Greeks to couatructphysical science in so impoi-tant, 
that we must endeavour to bring it into view here; 
though the full developmeDb of snoh subjecta belongs 
rather to the Philosophy of Induction. The suhjeot 
must, at present, he treated very briefly. 

I ydll first notice some errors which may naturally 
occur to the reader's mind, as possible causes of failure 
bnt which, we shall be able to show, were not the real 

The cause of feilure was not the neglect of fads. It 
is often said that the Greeks disregarded experienco, 
and spun their philosophy out of their own thoughts 
alone; and this is supposed byniany to be their essential 
error. It is, no doubt, true, that the disregard of 
experience is a phrase which may be so interpreted as 
to express almost any defect of philosophical method; 
since coincidence with experience is requisite to the 
truth of all theory. /But if we fix a more precise sense 
on our torms^ I conceive it may be shown that the 
I'Greek philosophy did, in its opinions, recognize th» 
necessity and paramount value of observations; did, in 
its origin, proceed upon observed facts; and did employ 
itself to no small extent in classifying and arranging 
phenomena. We must endeavour to illustrate these 
assertions, because it is important to show that these 
steps alone do not necessarily lead to science. '' 

■'i. The acknowledgment of experience as the main 
ground of physical knowledge is so generally underatoo3~ 
to be a distinguishing feature of later times, that it 
may excite surprise to find that Aristotle, and other 
ancient philosophers, not only asserted in the most 
pointed manner that all our knowledge must begin 
from experience, but also stated ia language much 
resembling the habitual phraseology of the most modern 
schools of philosophizing, that particular facta must be 
eoHscted; that fi'oin. these, general principles must bo 
obtained by induction; and ttiat t\ie«« \iTOic\\\^,-«\usfi. 
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of tte moat general kind, are axioiits. '. A few paasagi 
will show this. 

' The waji' must be the same,' says Aristotle, 
speaking of the rides of reasoning, ' with respect to 
philosophy, as it ia with respect to any art or science 
-whatever; we must collect the fects, and the things to 
■which the &cta happen, in each subject, and provide as 
large a supply of these as poasibla' He then jiroceeds 
to say that 'we are not to look at once at all this col- 
lected mass, but to consider small and definite portions' 
. . . ' And thus it is the office of observation to supply 
principles in each subject; for instance, astronouucal 
observation supplies the principles of astro noniical 
science. For the phenomena being properly assumed, 
the astronomical demonstratious were from these dis- 
covered. And the same applies to every art and 
science. So that if we take the fects (ja InrdpxovTa) 
belonging to each subject, it is our task to mark out 
clearly the course of the demonstrations. For if in 
our naiural history (enra t^v iaropiai') we have omitted 
nothing of the facts and properties which belong to the 
subject, we shall learn what we can demonstrate and 
what we cannot.' 

These facts, ra Inrapxivra, he, at other times, includes 
in the term sensation. Thus he says,'* ' It is obvious 
that if any sensation ia wanting, there must be also some 
knowledge wanting which we are thus prevented from 
having, since we arrive at knowledge either by induction 
or by demonstration. Demonstration proceeds from 
universal propositions. Induction from particulars. 
But we cannot have universal theoretical propositions 
except from induction ; and we cannot make inductions 
without having sennation; for senaation has to do with 
particulars.' 

In another place,^' after stating that principles muat 
be prior to, and better known than concluaions, he 
distinguishes such principles into absolutely prior, and 
prior relative to us; 'The prior principles, relative to 
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ud, are those which are nearer lo the sensation ; Imt 
the principles absolutely prior are those which are 
more remote from the senatttion. The moat genentl 
principles are the more remote, the more parijcular are 
nearer. The general principles which are necessary to 
knowledge are axv/ma.' 

We may add to these passages, that in which he 
gives an account of the way in which Leucippus was 
led to the doctrine of atoms. After describing the 
opinions of some earlier philosophers, he says,'* ' Thus, 
proceeding in violation of sensation, and disregarding 
it, because, as they held, they must follow reason, some 
came to the conclusion that the universe was one, and 
infinite, and at rest. As it appeared, however, that 
though this ought to be by reasoning, it would go near 
to madness to hold such opiuiona in practice, (for no 
one was ever eo mad as to think fire and ice to be one,) 
Leuoippus, therefore, pursued a line of reasoning which 
was in accordance with sensation, and which was not 
irreconcileable with . the production and decay, the 
motion and multitude of things.' It is obvious that 
the school to which Leucippus belonged (the Eclectic) 
must have been, at least in its origin, strongly impressed 
with the necessity of bringing its theories into harmony 
with the observ(d course of nature. 

a. (Nor was this recognition of the fundamental value 
of experience a mere profession. The Greek philosophy 
did, in its beginning, proceed upon observation. 'Jn- 
deed It ia obvious that the principles which it adopted 
were, in the first place, assumed in order to account for 
Home classes of facts, however imperfectly they might 
answer their purpose. The principle of things seeking 
their own places, was invented in order to accouat for 
the falling and floating of bodies. Again, Aristotle 
says, that heat is that which brings together things of 
the same kind, cold is that which brings together things 
whether of the same or of different kinds ; it is plain 
that in this instance he intended by his principle to 
pxplaiu some obvious facta, as the freezing of moist 
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d the separation of teterogeneoua thiuga 
H he adds, if fire brings together things 
I, it will separate those which are not 
le easy to illustrate the remark further, 
Lut its truth is evident from the nature of the case; 
for no principles could be accepted for a moment, which 
■were the reaiilt of an arbitrary cai)rioe of the mind, and 
which were not in Home measure plausible, and appa- 
rently confirmed by facts. ' 

But the works of Aristotle show, in another way, 
how nnjuat it would be to accuse hira of disregarding 
&cta. Many large treatises of bis consist almost en- 
tirely of ooliectioiiB of facts, as for instance, those ' On 
ColourM,' ' On Sounds,' and the collection of Problema 
to which we have already referred; to say nothing of 
the numerous collection of facta hearing on natural 
history and physiology, which form a great jjortion of 
his works, and are even now treasuries of information, 
A moment's reflection will convince us that the physical 
sciences of our own times, for exam[)le, Mechanics and 
Hydrostatics, are founded almost entirely upon facte 
tcith which the ancients were as familiar as we are. 
The defect of their philosophy, therefoi-e, wherever it 
may lie, consists neither in the s{>ecuUtiTC depreciation 
of the value of fH:cts, nor in the practical neglect ot 
their use. 

3, Kor again t-Shouhl we hit upon the truth) if we were 
to eay that Aristotle, and other ancient philosophers, 
did indeed collect facta ; but that they took no stepe in 
ckasitying and com])aring them; and that thus they 
failed to obtain from them any general knowledge. 
For, in reality, the treatises of Aristotle which we h«ve 
mentioned, ai-e as remarkable for the power of classify- 
ing and systematizing which they exhibit, as for the 
industry shown in the accumulation. But it is not 
classification of facts merely which can lead us to know- 
ledge, except we adopt that special arrangement, which, 
in each case, brings into view the principles of the sub- 
ject. We may easily show how unprofitable an arbitrary 
or random classification is, however oi'derly and syste- 
matic it may be. 
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For instance, for a long period all miuaual fiery"- 
appearances in the sky were cla«sed togetheras me(eors. 
Comets, ahooting-stars, and globes of fire, and the 
aurora borealia in all tta forms, were thus grouped 
together, and classifications cf considerable extent and 
miniiteneas were proposed with reference to these objects, 
But thia clasaification was of a mixed and arbitrary 
kind. Figure, colour, motion, duration, were all com- 
bined as characters, and the imagination lent its aid, 
transforming these striking appearances into fiery 
swords and spears, bears and dragons, armies and 
chariots. The facts so claa,sified were, notwithstanding, 
worthless; and would not have been one jot the lea 
BO, had they and their classes been ten times as numei'ous 
as they were. No rule or law that would stand the 
test of observation was or could be thus discovered. 
Such classifications have, therefore, long been neglected 
and forgotten. Even the ancient descriptions of these ■ 
objects of curiosity are unintelligible, or unworthy oS', 
trust, because the spectators bad no steady conceptioq 
of the usual order of such phenomena. For, bowevef 
much we majfear to be misled bypreconceived opinion^ . 
the caprices of imagination diatoi't our impressions &.r 
more than the anticipations of reason. In this case' 
men had, indeed we may say with regard to many (£ 
these meteors, tbey stdl have, no science : not for want 
of facts, uor even for want of classification of facts; 
but because the classification was one iu which no re^ 
principle was contained, 

4. Since, as we have said before, two things are' 
requisite to science,— Facts and Ideas; and since, as . 
we have seen. Facts were not wanting in the physical 
speculations of the ancients, we are naturally led to 
ask. Were they then deficient in Ideas J Was there 
a want among them of mental activity, and logical 
connexion of thought ) But it is so obvious that the 
answer to this inquiry must be in the negative, that 
we need not dwell upon it. No one who knows any- 
thing of the history of the ancient Greek mind, caoi 
question, that in acuteneas, in ingenuity, in the poweff 
of close and distinct veasoiniig, tte-^j Xie.^'i QWJSii >««». 
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Biirpassed. The comnion opuiion, which oonaiders the 
defect of their [ihilosophiciil character to reside rather 
in the exclusive activity of sucli qutdities, than iu the 
absence of them, is at least ao fiir jnat. 

5. We corae back again, therefore, to the question, 
What was the ntdical and fatal defect in the phyaical 
Bpeculationa of the Greek philosophical schools ? 

To this I answer: The defect was, that though they 
had in their possession Facts and Ideas, t/ie Itleae toere 
noi digliTiet and appropriate to the Facl». 

The peculiar charact-eristics of scientific ideas, which 
I have endeavaurod to express by speaking of them as 
^tinet and appropriate to Ike facts, Taast be morefiilly 
and formally set forth, when we oome to the philosophy 
of the subject. In the mean time, the reader will 
probably have no difficulty in conceiving that, for each 
class of Facts, there is some epeciul set of Ideas, by 
means of which the tacts can be included in general 
scientific truths ; and that these Ideas, which may thus 
"be termed appropriale, must be possessed with entire 
distinctness and clearness, in order that they may be 
successfully applied. It was the want of Ideas having 
this reference to material phenomena, which rendered 
the ancient philosophers, with very few exceptions, 
helpless and unsuccessful speculators on physical 



This must be illustrated by one or two examples. 
One of the facts which Aristotle endeavours to explain 
is this; that when the sun's light passes through a hole, 
■whatever be the form of the hole, the bright image, 
if formed at any considerable distance from the hole, 
is round, instead of imitating the figure of the hole, as 
shadows resemble their objects in form. We shall 
easily perceive this appearance to he a necessary conse- 
quence of the circular figure of the sun, if we conceive 
light to be diffused from the Inminary by means of 
straight rayg proceeding fi-oni every point of the sun's 
disk and passing through every point witiiin the 
toundary of the hole. By attending to the cotaa- 
quences of this mode of conception, it viiW be sefeu 'iX\%\. 
eaohpohit of the hole will be the vertex. oS a. iQ^!^lVft 
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cone of rays which has tbe bud's disk for its base on 
one aide and aji image of the aun on the other; and the 
figore of the image of the hole will be determined by 
BUppotting a series of equal bright circles, images of the 
8un, to be placed along the boimdaiy of an image 
equal to the hole itself The figure of the image thus 
determined will partake of the form of the hole, and 
of the circular form of the sun's image: but these 
circular images become larger and larger as they are 
farther from the hole, while the central image o£ the 
hole remains always of the original size; and thus at 
a considerable distance from the hole, the trace of the 
hole's Ibrm is nearly obliterated, and tbe image is 
nearly a perfect circle. Instead of this distinct con- 
ception of a cone of rays which has tbe aun'a disk for 
its basis, Aristotle has the following loose conjecture. ^^ 
'Is it because light is emitted in a conical form; and 
of a cone, the base is a circle ; so that on whatever the 
rays of the sun fall, they a])pear more circularl' And 
thus though he applies the notion of rays to this 
problem, he possesses this notion so indistinctly that • 
his explanation is of no value. He does not introduce 
into his explanation the cousideration of the eau'e 
circular figure, and ia thus prevented from giving a 
true account of this very simple optical phenomenon. 

6. Again, to jmss to a more extensive failure; why 
was it that Aristotle, knowing the property of the lever, 
and many other mechanical truths, was unable to form 
them into a science of mechanics, as Archimedes after- 
wards did? 

The reason was, that, instead of considering rest 
and motion directly, and distinctly, with reference to 
the Idea of Cause, that ia Force, he wandered in search 
of reasons among other ideas and notions, which could 
not be brought into steady connexion with the iacta ; 
— the ideas of properties of circles, of proportions of 
velocities, — the notions of ' strange' and ' common,' of 
'natural' and ' unnatural.' Thus, in the Proem to his 
Mechanical Problems, after stating some of the dlffi - 

" Problem. i5- ixa naBiniarU^s, &o. 
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cullies which he has to a^ttuck, he bsje, ' Of all such 
the circle coDtaiiis the principle of the cause. 
And this ia what might be looked for ; for it is notliiug 
absurd, if aomething wonderful, ia derived from some- 
thing more wonderi'ul still. Now the most wonderful 
thing is, thtit oppssites should be combined; and the 
circle is constituted of such combinationH of opposites. 
For it is constructed by a stationary point aod a, 
moving line, which are contrary to each other in 
nature; and hence we may the leas be surpi'ised at the 
resulting contrarieties. And in the first place, the cir- 
cumierence of the circle, though a line without breadth, 
has opposite qualities; for it is both convex and concave. 
In the next place, it hits, at the same time, opposite 
motions, for it moves forward and backward at the 
eame time. For tlie circumference, setting out from 
aj]y point, comes to the same point again, so that by a 
continuous progression, the last point becomes the 
first. So that, as was before stated, it is not sui-prising 
that the circle should be the principle of all wonderful 
properties.' 

Aristotle afterwards proceeds to explain more 
specially how he applies the properties of the circle 
in this case. ' The reason,' he says, in his fourth 
Problem, ' why a Ibrce, acting at a greater distance 
from the fulcrum, moves a weight more easily, ia, that 
it describes a greater circle.' Me had already asserted 
that when a body at the end of a lever is put in 
motion, it may be considered as having two motions; 
one in the direction of the tangent, and one in the 
direction of the radius; the former motion is, he says, 
according to nature, the latter, eontrar^ to nature. 
!Now in the smaller circle, the motion, contrary to 
nature, ia more coaaiderable than it is in the larger 
circle. ' Therefore,' he adds, ' the mover or weight at 
the larger arm wiU be transferred fm-ther by the same 
force than the weight moved, which is at the extremity 
of the shorter arm.' 

These loose and inappropriate notions of ' natural' 
and ' unnatural' motions, were undt to lend to any 
scientific tmths ; auJ, with the habits of thought which 
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diotatei these speculationa, a, perception of the true 
grounda of mechanical properties wus impossible. 

7. Thus, in this inatauce, the crrour of Aristotle was 
the neglect of the Idea appropriate to the facts, namely, 
the Idea of Mechanical Cause, which is Force; and the 
Buhstitution of vague or inapplicable notions involving 
only i-elations of space, or emotions of wonder. The 
erroura of those who failed similarly in other instances, 
■were of the same kind. To detail or claesify these 
would lead us too far into the philosophy of science j 
since we should have to enumerate the Ideas which are 
appropriate, and the various class of Facta on which 
the diffei-ent sciences are founded, — a task not to be 
now lightly undertaken. But it will be perceived, 
without further explanation, that it is necessary, in 
order to obtain from fects any general truth, that we 
should apply to them tliat appropriate Idea, by which 
permanent and definite relations are established among 
them. 

In such idesa the ancients were very poor, and the 
stunted and deformed growth of their physical soienoe 
■was the result of this penury. The Ideas of Space and 
Time, Number and Motion, they did indeed possess 
distinctly; and so iar as these went, their science was 
tolerably healthy. They also caught a glimpse of the 
Idea of a Medium by which the qualities of bodies, as 
colours and sounds, are perceived, But the idea of 
Substance remained barren in their hands ; in speculat- 
ing about elements and qualities, they went the wrong 
way, Hflsuming that the properties of the Compounds 
must Teiemble those of the Elements which determine 
them; and their loose notions of Contrariety never 
approached the form of those ideas of Polarity, which, 

' in modern times, regulate many parts of physics and 
chemistry. 

If this statement should seem to any one to be tech- 
nical or arbitrary, we must refer, for the justification 
of it, to the Philosophy of Science, of which we hope 
hereafter to treat. But it will appear, even from what 
has been here said, that there are certain Ideas or 

Forms of mental apprehension, ^'lAcbTQ^^ bftR^^Ued 
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to Facts in Buct a mauner aa to bring into view funda- 
mental principles of seience ; while the same Facts, 
however arrayed or reasouetl about, so long as these 
appropriate Ideas are not employed, cannot give rise to 
any exact or substantial knowledge. 

[2nd Ed.] This accovuit of the cause of failure in 
the physical speculations of the ancient Greek phi- 
losophers has been objected to as nasatisiactoi'y. I will 
oflFer a few words in explanation of it. 

The mode of accounting for the failure of the Qreeks 
in physios is, in suhstancej — that the Greeks in their 
physical speculatiuns tised tbeir attention upon the 
wrong aspects and relations of the phenomena; and 
that the aspects and relations in which phenomena are 
to be viewed in order to arrive at scientific truths may 
be arranged under certain beads, which I have termed 
Ideas; such as Space, Time, Number, Cause, Likeness. 
In every case, there is an Idea to which the phenomena 
may be referred, bo as to bring into view the Laws by 
which they are governed; this Idea I term the appro- 
priate Idea in such caaej and In order that the refe- 
rence of the phenomena to the Law may be clearly 
seen, the Idea must be dUtinclly possessed. 

Thus the reason of Aristotle's failure in his attempts 
at Mechanical Science is, that he did not refer the 
&ct3 to the appropriate Idea, namely Force, the Cause 
of Motion, but to relations of Space and the like ; that 
is, he introduces Geometrical instead of Meehanical 
Ideas. It may be said that we learn little by being 
told that Aristotle's failure in this and the like casea 
arose from his referring to the wrong class of Ideaa; 
or, as I have otherwise expressed it, fixing his attention 
upon the wrong aspects and relations of tlie facts; 
since, it may be said, this is only to state in other 
■words that he did fail. But this criticism is, I tMnk, 
ill-founded. The account which" I have given is not 
only a statement tliat Aristotle, and others who took 
a like course, did fail; but also, that they feiled in 
one certain point oat of several which are enumerated. 
They did not fail because they neglected \f\ otwe'CNft 
factsj thej did not fail because they omitteA. to oVasa 
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facts; they did not full because they ha,d not ideas to 
reoBon from ; but they failed because they did not taka 
tlie right ideas in each ease. And ao long as they 
were in the wrong in this point, no industry in coUect- 
ing facts, or ingenuity in classing them and reasoning 
about them, could lead them to solid truth. 

Nor ia this account of the nature of their mistake 
without ita instruction for us; although we are not to 
expect to derive from the study of their failure any 
technical rule which aliall necessarily guide us to scientific 
discovery. For their failure teaches us tliat, in the 
formation of science, an Errour in the Ideas is as fatal 
to the discovery of Truth as an Errour in the Facts ; 
and may as completely impede the progress of know- 
ledge. I have in Books ii. to x. of the Philomphy, 
shown historioally how krge a portion of the pn^resa 
of Science consists in the establishment of Appropriate 
Ideas as the basis of each science. Of the two main 
processes by which science is constructed, as stated in 
Book XI. of that work, namely the Explication of Con- 
ceptions and the Golligation of Facta, the former must 
precede the latter. In Book kil chap. 5, of the 
PkUosophy, I have stated the masim concerning appro- 
priate Ideas in this form, that tlie Idea and the Fad* 
must be Itomogeneoita. 

When I aay that the fajlure of the Greeks in 
physical science arose from their not employing appro- 
priaie Ideas to connect the facts, I do not use the 
term ' appropriate' in a loose popular sense ; but I 
employ it as a somewhat technical term, to denote the 
appropriate Idea, out of that series of Ideas wbioL 
have been made (as I have shown in the Philosophy) 
the foundation of sciences; namely Space, Time, 
Number, Cause, Likeness, Substance, and the rest. It 
appears to me juat to say that Aristotle's failure in his 
attempts to deal with problems of equilibrium, arose 
from his referring to circles, velocities, notions of 
natural and unnatural, and the like, — conceptions de- 
pending upon Ideas of Space, of Nature, &c. — which 
are not appropriate to these problems, and from his 
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missing tlie Idea of Mechanical Force or Pressure, 
vliich is the appropriate Idea. 

I give this, not as aa account of all £iilures iu 
attempts at science, but only as the account of such 
radical and fundamental &Llures as this of Aristotle; 
who, with a knowledge of the facts, failed to connect 
them iato a really scientitic view. - If I had to compare 
rival theories of a more complex kind, I should not 
neceasarily say that one involved an appropriate Idea 
and the other did not, though 1 might judge one to be 
true and the other to he feJse. For instance, in com- 
paring the emissive and the undutatory theory of light, 
■we see that both involve the same Idea ; — the Idea of 
a Medium acting by certain mechanical properties. 
The question there is, what is the true view of the 
mechanism of the Medium, l 

It may be remarked, however, that the example of 
Aristotle's fiiilure in physics, given in p. 59, namely, 
his attempted explanation of the round image of a 
square hole, is a specimen rather of indistinct than of 
inappropriate ideas. 

The geometrical explanation of this phenomenon, 
■which I have there inserted, was given by Slauro- 
lycuB, and before him, by Leonardo da Vinci. 

We shall, iu the next Book, see the influence of the 
appropriate general Ideas, in the formation of various 
6cien.ce8. It need only he observed, before we proceed, 
that, in order to do full justice to the physical know- 
ledge of the Greek Schools of philosophy, it is not 
necessary to study their course after the time of their 
founders. Their fortunes, in respect of such acquisitions 
as we are now considering, were not progressiva The 
later chiefs of the Schools fallowed the earlier masters ; 
and though they varied much, they added little. The 
Romans adopted the philosophy of their Greek subjects ; 
but they were always, and, indeed, acknowledged them- 
selves to be, inferior to their teachere. They were 
as arbitrary and loose in their ideas as the Greeks, 
■without poasessing their invention, acuteneas, and spirit 
of system. 
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In addition to the vHguenesa which -was combined 
■with the more elevated trains of philosophical specula^ 
tion among the Greeks, the Romans introduced into 
their treatises a kind of declamatory rhetoric, which 
arose probably from their forensic and political habita, 
aad which atiU further obscured the waning gleanaa of 
truth. Yet we may also ti-ace in the Soman philoso- 
phers to whom this charge mostly applies (Lucretiua, 
Pliny, Seneca), the national vigour and ambition. 
There is something Eoman in the public spirit and 
anticipation of universal empire which they display, as 
citizens of the intellectual republic. Though they apeak 
sadly or slightingly of the achievements of their own 
generation, they betray a more abiding and vivid belief 
in the dignity and destined advance of human, know- 
ledge aa a whole, than is obvious among the Greeks. 

We must, however, turn bock, in order to describe 
steps of more definite value to the progreaa of eeienee 
thaji those which we have hitherto noticed. 
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"SapOtiKoirXripiarov dk OtiptSfiat wpbg 

UdfTtjs ppordis ntfrjve Kai /ikyac irSp'oc 

From. Vinct. 109. 

I brought to earth the spark of heavenly fire, 
Concealed at first, and small, bnt spreading soon; 
Among the sons of men, and burning on, 
Teacher of art and nse, and fount of power. 



INTEODUCTION. 

IN order to the acquisition of any such exact and 
real knowledge of nature aa that which we pro- 
perly call Physical Scieace, it is requisite, as has 
already been said, that men should possess Ideas both, 
distinct and appropriate, and should apply them to 
ascertained Facts. They are thus led to propositions 
of a general character, which are obtained by Induction, 
as will elsewhere be more fully explained. We pro- 
ceed now to trace the formation of Sciences among the 
Greeks by such processes. The provinces of knowledge 
which thus demand our attention are. Astronomy, 
Mechanics and Hydrostatics, Optica and Harmonics; 
of which I must relate, first, the earliest stages, and 
next, the subsequent progress. 

Of these porUons of human knowledge, Astronomy 
ia, beyond doubt or comparison, much the most ancient 
and the most remarkable; and probably existed, in 
somewhat of a scientific form, in Chaldea and Egypt, 
and other countries, before the period of the intellectual 
activity of the Greeks. But I will give a brief account 
of some of the other Sciences before I proceed to 
Astronomy, for two reasons ; first, because the origin 
of ABtronomy ia lost in the obscurity of a remote 
antiquity; and therefore wo cannot exemplify the con- 
ditions of the first rise of science so well in that subject 
as vre can in others which assumed their scientific form 
at known periods; and nest, in order that I may not 
have to interrupt, after I have once begun, it, ■tbia 
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history of the only progressive Science which the 
ancient world produced. 

It has been objected to the arrangement here 
employed that it is not symmetrical; and that Astro- 
nomy, as being one of the Physical Sciences, ought to 
have occupied a chapter in this Second Book, instead 
of having a whole Book to itself (Book hi). I do not 
pretend that the arrangement is symmetrical, and have 
employed it only on the ground of convenience. The 
importance and extent of the history of Astronomy are 
such that this science could not, with a view to our 
purposes, be made co-ordinate with Mechanics or 
Optics, 



CHAPTER 1 

Eart.lest Stages of Mechakics and Htbrostatics. 



Sect. I. — Mechanics. 

ASTRONOMY is a. science so ancient that we can 
hai-dty aacend to a. period wbeo it did not exist; 
Mech&nicii, oa the other hand, is a science which did 
not begin to be till afler the time of Aristotle; for 
/ Archimedes must be looked upon as the author of the 
first sound knowledge on this subject. What is still 
more curious, and shows remarkuhlj how little the 
continued ppogresa of science follows inevitably from 
the nature of man, this department of knowledge, 
aft«r the right road had been fairly entered upon, 
remained absolutely stationary for nearly two thousand 
years ; no single step was made, in addition to the pro- 
positions established by Archimedes, till the time of 
Galileo and Stevinus. This extraordinary halt will be 
a subject of attention hereafter; at present we must 
CDuBider the original advance. 

^e great step made by Archimedes in Mechanics 
■was the establishing, upon true grounds, the general 
proposition concerning a straight lever, loaded with 
two heavy "bodies, and resting upon a fiilcrum. The 
proposition is, that two bodies se oiroumstanced will 
balance each other, when the distance of the smaller 
body from the fulcrum is greater than the distance of 
tile other, in exactly the same proportion in which the 
weight of the body is less, 

Tbia proposition is proved by Archimedes in a work 
which is still extant; and the proof holds its place in 
our treatises to this day, as the simplest which can be 
given. The demonstration is made to rest on assump- 
tions which amount in effect to such Definitions and 
Axioms as these: — Tliat those bodies ate cS eJ^isi. 
weight which balancf) eftch Other at wpei anab oi a. 
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BtrRight lever; and that in every heavy body there 
a. detinite point called a Centre (if GrwoUy, in which 
point we may suppose the weight of the body col- 
lected. 

The principle, which is really the foundation of the 
validity of the demonstration thus given, and which is 
the condition of all experimental knowledge on the 
fluhject, is this; — that when two equal weights are sup- 
ported on a lever, they act on the fulcrum of the lever 
with the same effect as if they were both together sup- 
ported immediately at that point, 0^ more generally, 
we may state' the principle to be this; — that the 
pressure by which a heavy body is supported continues 
the same, however we alter the form or position of the 
body, BO long as the magnitude and material continue 
the same. ; 

/The experimental truth of this principle tb a raatter 
obvious and universal experience. The weight of a 
bafket of stones is not altered by shaking the stones 
into new positions. We cannot make the direct 
burden of a stone less by altering its position in our 
Lands; and if we try the effect on a balance or a 
macliine of any kind, we shall see atiU more clearly 
and exactly that the altered position of one weight, or 
the altered arrangement of several, produces no change 
in their effect, so long as their point of support remains 
unchanged. ' 

This genera) fiict is obvious, when we possess in our 
minds the ideas which are requisite to apprehend it 
clearly. But when we are so prepared, the truth 
appears to be manifest, even independent of experience, 
and is seen to be a rule to which experience miiat con- 
form. What then is the leading Idea which thus 
enables us to reason effectively upon mechanical sub- 
jects) By attention to the course of such reasonings, 
we perceive that it is theildea of Pressure; Pressure 
being conceived as a measurable effect of heavy bodies 
at rest, distinguishable from all other effects, such as 
motion, change of figure, and the like. ' It is not here 
necessary to attempt to trace the history of this Idea 
in our minds; but it ia ceitain that such an Idea may 
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MECHANICS AND HYDROSTATICS. 

te distinctly formed, and that upon it the whole 
soience of statics may be built. : Pressure, load, ineight, 
are names by which this Idea is denoted when the 
effect tends directly downwordsj but we may have 
pressure without motion, or dead pull, in other cases, 
aa at the critical instant when two nicely-matched 
wrestlers are balanced by the exertion of tie utmost 
strength of each. 

^ Pressure in any direction may thus exist without 
any motion whatever. But the causes which produce 
Buch pressure are capable of producing motion, and are 
generally seen producing motion, as (in the above 
instance of the WTestlers,^)^ in a pair of scales empiojed 
in weighing^ and thus men come to consider pre-ssure 
aa the exception, and motion as the rule; or perhaps 
they image to themselves the motion which miyht or 
vxndd teie place; for instance, the motion which the 
arms of a ftver would have if they did move. They 
turn away irom the case really before them, which is 
that of bodies at rest, and balancing each other, and 
pass to another case, which is arbiti-arily assumed to 
represent the first. Mow this arbitrary and capricious 
evasion of the question we consider as opposed to the 
introduction of the distinct and proper Idea of I^ssure, 
by means of which the true principles of thb subject 
can be apprehended. 

We have already seen that Aristotle was in the 
number of those who thus evaded the difficulties of the 
problem of the lever, and consequently lost the reward 
* ofauecesB. He failed, as has before been stated, in 
consequence of his seeking his principles in notions, 
either vague and loose, as the distinction of natural 
and unnatural motions, or else inappropriate, as the 
circle which the weight would describe, the velocity 
which it would have if it moved; circumstances which 
are not part of the &ct under consideration. The 
influence of such modes of speculation was the main 
hinderance to the prosecution of the true Archimedean 
ibrm of the science of Mechanics. 

(The mechanical doctrine of Equilibrium, is Statics. 
It is to be distinguished from the mechanical doctrine 
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of Motion which is termed DynaTmca, and which ■ 
not succcBsfulIy treated till the time of G&iileo J 

Sect. 2. — Bydroatalica. 

Akchisiedes not only laid the foundations of the 
Statics of solid bodies, but also solved the principal 
problem of Hydrostatics, or the Statics of Fluids ; 
namely, the conditions of the floating of bodies. This 
is the more remarkable, since not only did the prin- 
ciples which Axchimedea established on this subject 
remain unpursued tiU the revival of science in modern 
times, but, when they were ^ajn put forward, the 
main proposition was so fer from obvious that it was 
termed, and is to this day called, the hydrostatie 
paradox. I The true doctrine of Hydrostatics, however, 
assuming the Idea of Pressure, which it involves, in 
common with the Mechanics of solid bodies, requires 
also a distinct Idea of a Fluid, as a body of whidi the 
parts are perfectly moveable among each other by the 
slightest partial pressure, and in which all pressure 
exerted on one part is transferred to all other parts. 
From this idea of Fluidity, necesaaiily follows that 
midtiplication of pressure which constitutes the hydro- 
static paradox ; and the notion being seen to be 
verified in nature, the consequences were also realized 
as facts. [ This notion of Fluidity is expressed in the 
postulate which stands at the head of Archimedes's 
' Treatise on Floating Bodies.' And from this prin- 
ciple are deduced the solutions, not only of the simple 
problems of the science, but of some problems of con- 
siderable complexity. 

The difficulty of holding last this Idea of Fluidity 
so as to trace its consequences with infallible strictness 
of demonstration, may be judged of from the circum- 
stance that, even at the present day, men of great 
talents, not uniajniliar with the subject, sometimes 
admit into their reasonings an oversight or fallacy 
with regard to this very point. The importance of 
the Idea when dearly apprehended and securely held, 
may he judged of from this, that the whole science of 
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H;rdrOBtatic3 in its most modern form ia only the 
developmeut of the Idea. And what kind of attempts 
at science wotdd bo made by persons destitute of tiUB 
Idea, we may see in the apeculationa of Aristotle con- 
ceruing light and heavy bodies, which we have already 
quoted; where, by considering light and heavy as oppo- 
site qoalities, residing in things themselves, and by aa 
Inability to apprehend the effect of surrounding fluids 
in supporting bodies, the subject was made a mass of 
false or frivolous assertions, which the utmost inge- 
nuity could not reconcile with facts, and could still 
less deduce from the asserted doctrines any new prac- 
tical truths. 

In the case of Statics and Hydrostatics, the most 
important condition of their advance was undoubtedly 
the distinct apprehension of these two' appropriate 
Ideas, Statical Fressivre, and H^droslaiical Pressure as 
included in the idea of Fluidity. For the Ideas being 
onoe clearly possessed, the experimental laws which 
they served to express (that the whole pressure of a 
body downwards was always the same ; and that water, 
and Uie like, were fluids according to the above idea of 
fluidity ;) were so obvious, that there was no doubt nor 
difficulty about them. These two ideas lie at the root 
of all mechanical science ; and the firm possession of 
them is, to this day, the first requisite for a student of 
the subject. After being clearly awakened in the mind 
of Archimedes, these ideas slept for many centuries^ 
till they were again called up in Galileo, and more 
remarkably in Stevinus. This time, they were not 
destined again to slumber ; and the results of their 
activity have been the formation of two Sciences, 
which are as certain and severe in their demonstra- 
tions as geometry itself, and as copious and interesting 
in their conclusions; but which, besides this recom- 
mendation, possess one of a different order; — that 
they exhibit the exact impress of the laws of the 
physical world; and unfold a portion of the rules 
according to which the phenomena of nature take 
place, and must take place, till nature herself shall 




CHAPTER II. 
Earliest Stages of Optics. 

THE progress made by the ancieBta in Optics waa 
nearly proportional to that which they made in 
Statics. Aa they discovered the true gronnds of the 
doctrine of Equilibrium, without obtaining any sound 
principles concerning Motion, so they discovered the 
law of the Keflection of light, but had none but the 
most indistinct notions concerning Refraction. 

The extent of the principles which they really 
possessed is eaaUy stated. They koew that vision is 
performed by rays which proceed in straight lines, and 
that these rays are rfJlecUd by certain sur&ces (mirrors) 
in such manner that the angles which they make with 
the surface on each side are equal. They drew various 
conclusions from these promLses by the aid of geometry ; 
as, for inst^mce, the convergence of rays which &11 on 



It may he observed tliat the Idea which is here 
introduced, is that of visual rai/», or lines along which 
vision is produced and light carried. This idea once 
clearly apprehended, it was not difficult to show that 
these lines are straight lines, both in the case of light 
and of eight. In the beginning of Euclid's * Treatise 
on Optics,' some of the arguments are mentioned by 
which this was established. We are told in the Proem, 
' In explaining what concerns the sight, he adduced 
certain arguments from which he inferred that all light 
is earned in straight lines. The greatest proof of 
this is shadows, and the bright spota which are pro- 
duced by light coining through windows and cracks, 
and which could not be, except the rays of the sun were 
carried in straight lines. So in fires, the shadows 
ure greater than the bodies if the fire be small, but less 
than the bodies if the fire he greater.' A clear com- 




prehension of the principle ■would lead to the perception 
of iimumer&ble proofs of its truth on everj' side. 

The Law of Equality of Angles of Incidence and 
Beflection was not quite so easy to verify; hut the 
exact resemblance of the object and its image in a 
plane mirror, (aa the surface of still water, for instance,) 
■which is a consequence of this law, would afford con- 
■vincing evidence of its truth in that case, and would 
be confirmed by the examination of other cases. 

With these true principles was mixed much errour 
and indiatinctnesa, even in the best writers. Euclid, ~ 
and the Platoniats, maintained that vision is exercised 
by rays proceeding yrom the eye, not to it; so that 
■when we see objects, we learn their form as a blind 
man would do, by feeling it out with his staff. This 
niistake, however, though Montucla speaks seirerely of 
it, was neither very dbcreditahle nor very injurious; 
for the mathematiwd conclusions on each supposition 
are necessarily the sama Another curious, and false 
assumption is, that these ■visual rays are not close 
together, but separated by intervals, like the fingers 
when the hand is spread. The motive for this in- 
vention was the wish to account for the fact, that in 
looking for a smaJl object, as a needle, we often cannot 
see it when it is under our nose; which it was con- 
ceived would be impossible if the visual rays reached 
to all points of the surface before us. ' 

These erroura would not have prevented the pro- 
gress of the science. But the Aristotelian physics, bs 
usual, contained speculations more essentially faulty. 
Aristotle's views led him to try to describe the kind 
of causation by which vision is produced, instead of 
the laws by which it is exercised; and the attempt 
consisted, as in other subjects, of indistinct principles, 
and ill-combined facts. According to him, vision must 
be produced by a Medium, — by something belmeen the 
object and the eye, — for if we press the object on the 
eye, we do not see it ;, this Medium is Light, or ' the 
transparent in action;' darkness occurs when the 
transparency is potential, not actual ; colour is not the 
'absolute visible,' but something which is oh the abso- 
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lute visible ; colonr has the power of setting the trana- 
parent in action; it is not, however, all colours that 
are seen by means of light, hut only the proper colour 
of each object ; for some things, aa the heads, and 
Boales, and eyes of fish, are seen in the dark; but then 
they are not seen with their proper colour.' 

In all this there is no steady adherence either to 
one notion, or to one class of facts. The distinction of 
Power and Act is introduced to modiiy the Idea of 
Transparency, according to the formala of the school; 
then Colour is made to be something unknown in 
addition to Visibility; and the distinction of 'proper' 
and 'improper' coloura is assumed, aa sufficient to ac- 
count for a phenomenon. Such classifications have in 
them nothing of which the mind can take steady hold; 
iior is it difiB.CTdt to see that they do not come under 
those conditions ofsuccessful physical speculation, which 
we have laid down. 

It is proper to notice more distinctly the nature of 
the Geometrical Propositions contained in Euclid's 
work. The Optica contains Projioaitions concerning 
Vision and Shadows, derived from the principle that 
the rays of light are rectilinear : for instance, the Pro- 
position that the shadow ts greater than the object, if 
the illuminating body be less, and mce •oerad. The 
Caloptriaa contoins Propositions concerning the effecta 
of Eeflection, derived from the principle that the 
Angles of Incidence and Reflection are equal : as, that 
in a convex mirror the object appears convex, and 
smaller than the object. We see here an example ot 
the promptitude of the Greeks in deduction. When 
they had once obtained a knowledge of a principle, 
they followed it to its mathematical consequences with 
great acuteness. The sulyect of concave mirrors ia 
pursued further in Ptolemy's Optics. 

The Greek writers also cultivated the subject of 
Perspective speculatively, in mathematical treatises, as 
well aa practically, in pictures. The whole of this 
theory JB a consequence of the principle that vision 
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itraight lines drawn fixim the object to 

' The ancients were in some measure acquaioted with 
the Refraction as well as the Keflection of Light," as I 
have shown in Book ix. Chap. 2 [2nd Ed.] of the Pki- 
losopky. The current knowledge on thia snhject must 
hare been veryatight and confused; for it does not appear 
to have enabled them to account for one of the aimpleat 
results of Eefraction, the magnifying effect of convex 
tronsparest bodies. I have noticed in the passage just 
- referred to, Seneca's crude notions on this subject j and 
in like manner Ptolemy in his Optics asserts that an 
object placed in water must always appear lai^er than 
when taken out. Aristotle uses the tcim araKXt/mc 
igue manner, 
ruction from 

£efleotion. TTia Commeotators however do distinguish 
these aa ItaKkdaiz and dyaicXaaii. See OlympiodoruH in 
Schneider's £cfay<e /"Ayiicie, vol. i. p. 397. And Eefrac- 
tion had been the subject of special attention among the 
Greek Mathematicians. Arohimedeahad noticed (aa we 
learn from the same writer) that io certain cases, a ring 
which cannot he seen over the edge of the empty vessel 
in which it is placed, becomes visible when the vessel 
is filled with water. The same feet is stated in the 
Optics of Euclid. We do not find this fact explained 
in that work as we now have it : but in Ptolemy's 
Optica the iact is explained by a flexure of the visual 
lay: it is noticed that this flexure is different at dif- 
ferent angles from the perpendicular, and there is an 
elaborate collection of measures of the flexure at dif- 
ferent angles, made by means of an instrument devised 
for the purpose. There m also a collection of similar 
measures of the refraction when the ray passes from 
air to glass, and when it passes from glass to water. 
This part of Ptolemy's work is, I think, the oldest 
extant example of a coUection of experimental mea- 
sui'es in any other subject than astronomy; and in 
astronomy onr measures are the result of obaemation, 
rather than of aapeWmenf. As Delambre Ba.ys {Astivn , 
A.nc, vol. ii. p. 427), 'On y voit des expSriencea de 
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pbyEiqne bien faites, ce qtii est sans exemple chez lea 



Ptolemy's Optical work was known only by Roger 
Bacon's references to it {Opus Moqus, p. 286, itc.) till 
181 6; but copies of Latin translations of it were known 
to exist in the Royal Library at Paris, and in the 
Bodleian at Oxford. Delatnbre has given an accoant 
of the contents of the Paris copy in his Aetron. Ana. 
ii. 414, and in the ConnoUaaii.ce ilea Temps for 1816 ; 
and Prof Rigand's account of the Oxford copy ia given 
in the article Optica, in the Encyolopmdia Britantiiea. 
Ptolemy shows great s^acity in applying the notion 
of Refraction to the explanation of the displacement of 
astronomical objects which ia produced by the atmo- 
sphere,^ — Aetroitojaieol Refraction, as it is commonly 
Mlled. He represents the visual ray as refracted in 
passing from the etlier, which is above the air, into the 
fur ; the air being bounded by a spherical surface 
which has for its center ' the center of all the elements, 
the center of the earth;' and the refraction being a 
flexure towards the line drawn perpendicular to this 
surface. He thus constructs, says Delambre, the same 
figure on which Cassini afterwards founded the whole 
of his theory ; and gives a theory more complete than 
that of any astronomer previous to him. Tycho for 
instance believed tiiat astronomical refraction was 
caused only by the vapours of the atmosphere, and did 
not exist above the altitude of 45^. 

Cleomedes, about the time of Augustus, had guessed 
at Refraction, as an explanation of an eclipse in which 
the sun and moon are both seen at the same time. 
' Is it not possible,' he says, ' that the ray which pro- 
ceeds from the eye and traverses moist and cloudy air 
may bend downwards to the aun, even when he is 
below the horizon T And Sextua Empiricus, a century 
later, saya, ' The air being dense, by the refraction of 
the visual ray, a constellation may be seen above the 
horizon when it is yet below the horizon,' But from 
what follows, it appears doubtful whether he clearly 
distinguished Refraction and Reflection. 

In order that we may not attach too much value to 
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tte vBgue expreaaiona of Cleomedea and Sextus Empi- 
ricHS, we may remark that Cleomedea eoaceivea euch 
&n eclipse aalie deacribcs not to be possible, though he 
offers na esplanatiou of it if it be : (the f&at ranst really 
occur whenever the moon is seen in the horizon in the 
middle of an eclipse ;) and that Sextua Empiricua gives 
hia suggestion of the effect of refraction aa an argu- 
ment why the Chaldean astrology cannot be true, 
since the constellation which appears to be rising at 
the moment of a birth is not the one which is truly 
rising. The Chaldeans might have answered, says 
Delambre, that the atar begina to ahed ita influence, 
not when it is really in the horizon, but when ita light 
is seen. {Asl. Ana. voL i, p. 231, and vol. ii. p. $48.) 

It has been said that Vitellio, or Vitello, whom we 
shall hereaJiter have to speak of in the history of 
Optica, took his Tablea of Refractions from Ptolemy, 
This is contrary to what Delambre states. He aaya 
that Vitello may be accuaed of plagiarism from Alhazen, 
and that Alhazea did not borrow hb Tables from 
Ptolemy. Koger Bacon had said {Opus Majus, p. 
z88), 'FtoleniFeus in libro de Optteis, id est, de Aspec- 
tibus, seu in Perspectivfii su^ qui prius quam Alhazen 
dedit hanc aenteutiam, qoam a Ptolemaao acceptam 
Alhazen eKpoauit.' This refers only to the opinion 
that visual rays proceed from the eye. But this alao 
is erroneous ; for Alhazen maintains the contrary : 
' Visio fit radiis a viaibili extrlnsecua ad visum manan- 
tibua.' (Ope. Lib. L cap. 5.) Vitello says of his 
Table of Effractions, ' Acceptia instrumental iter, prout 
potuiniua propinquiua, angiilia omnium refractionum . . . 
invenimus quod semper iidem aunt anguli refractionum ; 
. . . secundum hoc fecimus has tabulaa.' ' Having 
measured, by means of instruments, a-i exactly as we 
cx>ald, the whole range of the angles of refraction, we 
found that the refraction is always the same for the 
same angle; and hence we have constructed these 
Tables.' 



CHAPTER HL 
Earllest Stages of HAJtHomoB. 

AMONG the aneienta, tie science of Miisic waa an 
application of Arithmetic, as Optics and Mechamca 
■were of Geometry. The atorj which is told concern- 
ing the origin of their arithmetical music, ia the fol- 
lowing, OS it stands iu the Arithmetical Treatise of 
Nicomachus. 

Pythagoras, witliing one day, meditating on the 
means of measuring musical notes, happened to pass 
near a blacksmith's shop, and had his attention arrested 
by healing the hammers, aa they struck the anvil, pro- 
duce sounds which had a musical relation to each otiier. 
On listening further, he found that the intervals were 
a Fourth, a Fifth, and an Octave ; and on weighing 
the hammers, it appeared that the one which gave the 
Octave was one-half the heaviest, the one which gave 
the Fifth was two-thvrdB, and the one which gave the 
Fourth was ihree-qwvrtera. He returned home, re- 
flected upon this phenomenon, made trials, and finally 
discovered, that if he stretched musical strings of equal 
length, by weights which have the proportion of one- 
half, two-thirds, and three-fourths, they produced inter- 
vals which were an Octave, a Fifth, and a. Fourth. 
This observation give an arithmetical measure of the 
principal Musical Intervals, and made Music an arith- 
meticaj subject of speculation. 

This story, if not entirely a phiiosophical fable, is 
undoubtedly inaccurate ; for the nmsical intervals thus 
spoken of would not be produced by striking with 
hammers of the weights there stated. But it is true 
that the notes of strings have a definite relation to the 
forces which stretch them ; and this tjnith ia stiJl the 
groundwork of the theory of musical concords and 
discords. 

Nicomachus says that Pythagoras found the weights 
to be, as I have mentioned, in the proportion of 13, 6, 
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8, 9; and the latervftlB, an Octave, corresponding to 
the proportion 12 to 6, or 2 to I; a Fifth, correspond- 
ing to the proportion 12 to 8, or 3 to 2 ; and a Fourth, 
corresponding to the proportion 13 to 9, or 4 to 3. 
There is no doubt that this statement of the ancient 
writer is inexact as to the physical fact, for the rate of 
vibration of a string, on which its note depends, ia, 
other things being equal, not aa the weight, but as the 
square root of the weight. But he ia right as to the 
essential point, that those ratios of z to 1, 3 to 2, and 
4 to 3, are the characteristic ratios of the Octave, 
Fifth, and Fourth. In order to produce these inter- 
vals, the appended weights must be, not as 1 2, 9, 8, 
and 6, but as 12, 6|, 5;^, and 3. 

The numerical relations of the other intervals of the 
musical scale, as well as of the Octave, Fifth, and 
Fourth, were discovered by the Greeks. Thus they 
found that the proportion in a Major Third was 5 to 
4; in a Minor Third, 6 to 5; in a Major Tone, 9 to 
8 ; in a Semitone or Diegin, 16 to 15. They even went 
80 fiir as to determine the Voimna, in which the inter- 
val of two notes is so small that they are in the pro- 
portion of 81 to 80, This ia the interval between two 
notes, each of which may be called the Seventeenth 
above the key-note; — the one note being obtained by 
B£oending a Fifth four times over ; the other being 
obtained by ascending through two Octaves and a Major 
Third. The want of exact coincidence between these 
two notes is an inherent arithmetical imperfection in 
the musical scale, of which the consequences are very 



The numerical properties of the musical scale were 
worked out to a very great extent by the Greeks, and 
many of their Treatises on this subject remain to us. 
The principal ones are the seven authors published by 
Meibomius.'^ These arithmetical elements of Music are 
to the present day important and fundamental portions 
of the Science of Harmonics. 

It may at first ajipear that the truth, or even the 
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possibility of this history, by referring the discovery to 
accident, disproves our doctrine, that this, Kke all other 
fundamental discoveriea, required a distinct and vell- 
pondered Idea as its condition. In this, however, as 
in all cases of supposed occidentiil discoveries iu science, 
it will be found, that it was exactly the possession of 
such an Idea which made the accident poasible. 

Pythagoras, assuming the truth of the tradition, 
must have had an exact and ready apprehension of 
those relations of musical sounds, which are called 
respectively an Octave, a Fifth, and a Fourth. If he 
had not been able to conceive distinctly this relation, 
and to apprehend it when heard, the sounds of the 
anvil would have struck his ears to no more purpose 
than they did those of the smiths themselves. He 
must have hadj too, a rea<ly familiarity with numerical 
ratios; and, moreover, (that in which, probably, his 
superiority most consisted,) a disposition to connect 
one notion with the other— the musical relation with 
the arithmetical, if it were found possilile. When the 
connexion was once suggested, it was easy to devise 
experiments by which it might he confirmed. 

' The philosophers of the Pythagorean School,^ and 
in particular, Lasus of Hermione, and Hippasus of 
Hetapontum, made many such experiments upon 
strings; varying both their lengths and the weights 
which stretched them ; and also upon vessels filled with 
water, in a greater or less degree.' And thus was esta- 
blished that connexion of the Idea with the Fact, 
which this science, like all others, requires. 



I shall quit the Physical Sciences of Ancient Greece, 
with the above brief statement of the discovery of the 
fundamental principles which they involved; not only 
because such initial steps must always be the most 
important in the progress of science, but because, in 
reahty, the Greeks made no advances beyond these. 
There took place among them no additional inductive 
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processes, by which new facts were brought under the 
dominion of principles, or by which principles were 
presented in a more comprehensive shape than before. 
Their advance terminated in a single strid& Archi- 
medes had stirred the intellectual world, but had not 
put it in progressive motion : the science of Mechanics 
stopped where he leit it. And though, iu some sub- 
jects, as in Haj-monicH, much was written, the works 
thus produced consisted of deductions irom the fun- 
damental prindjjlea, by means of arithmetical calcula- 
tions; occasionally modified, indeed, by reference to 
the pleasures which music, as an art, affords, but not 
enriched by any new scientific tmtha. 

[3rd Ed.] We should, however, quit the philosophy 
of the ancient Greeks without a due sense of the 
obligations which Physical Science in all succeeding 
ages owes to the acute and penetrating spirit in which 
their inquiries in that region of human knowledge 
were conducted, and to the large and lofty aspirations 
which were disjilayed, even in their failure, if we did 
not bear in mind both the multifarious and compre- 
hensive character of their attempts, and some of the 
causes which Jimited their progress in positive scieuce. 
They speculated and theorized under a lively persuasion 
that a Science of every part of nature was possible, 
and was a fit object for the exercise of man's beflt 
&cu1tieB; and they were speedily led to the conviction 
that aach a science must clothe its conclusions in the 
language of mathematics. Tliis conviction is eminently 
conspicuous in the writings of Plato. In tlie JRepvhUc, 
in the Epwamia, and above all in the Timoeug, this 
conviction makes him return, again and i^in, to a 
discusaioa of the laws which had been established or con- 
jectured in his time, rosfiecting Harmosics and Optics, 
such BB we have seen, and still more, respecting Astro- 
nomy, such as we shall see in the next Book. Probably 
no succeeding step in the discovery of the Laws of 
Nature wa.t of ao much importance, as the fill! adoption 
of this pervading conviction, that there must be Mathe- 
matical Laws of Nature, and that it is the business of 
Phiiosopliy to discover these laws. This conviction 
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contisiies, ttrougli all the succeeding ages of the 
history of science, to be the animating and supporting 
principle of acientilic investigation and discovery, And, 
especially in Astronomy, many of the erroneous guesses 
-which the Greeks made, contain, if not the germ, at 
least the vivifying life-blood, of great truths, reserved 
for future agea. 

Moreover, the Greeks not only sought such theories 
of special parts of nature, but a general Theory of the 
TJniverae. An essay at such a theory is the Timceua 
of jflnto ; too wide and too ambitious an attempt to 
succeed at that time; or, indeed, on the scale on which 
he unfolds it, even in our time; but ft vigorous and 
instructive example of the claim which man's Intellect 
feels that it may make to understand the universal 
frame of things, and to render a reason for all that is 
presented to it by the outward senses. 

Further; wo see in Plato, that one of the grounds 
of the failure in this attempt, was the assumption that 
the reason why everything ia what it is and as it is, 
must be that eo it is he^l, according to some view of 
better or worse attainable hy man. Socrates, in his 
dying conversation, as given in the P}imdo, declares 
this to have been what he sought in the philosophy of 
his time; and tells hb friends that he turned away 
from the speculations of Anaxagoras because they did 
not give him such reasons for the constitution of the_ 
world; and Plato's Timosus is, in reality, an attempt 
to supply this deficiency, and to pi-esent a Theory of 
the Universe, in which everything is accounted for by 
sueh reasons. Though this is a &tlure, it is a noble as 
well as an instructive failure. 
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T6^£ dk fifiSsic iron ^oPriOy- twv 'EXXiJvwv, wf oit XPV ^*P« ^^ 
Otia TTork vpayfiaTtv£<r9ai 9vijTo{fC ovraq' irav Sb tovtov dui' 
vofiOrjvai rovvavriovj a»c ovt6 dippov tort irork rb 9eioVf ovre 
cLyvoii wov tyiv avBpiairivriv ^vmv dW* oldev on, SiSdffKOVToc 
avTov, ^vvaKoXovOtiaei icai fiaOrjtnrat Ta SiddffKOfuva, 

Plato, Epinomis, p. 988. 

Nor should any Greek have any misgiving of this kind ; that it 
is not fitting for as to inquire narrowly into the operations of 
Superior Powers, such as those by which the motions of the 
heavenly bodies are produced : but, on the contrary, men should 
consider that the Divine Powers never act without purpose, and 
that they know the nature of man : they know that by their 
guidance and aid, man may follow and comprehend the lessons 
which are vouchsafed him on such subjects. 



INTRODUCTION. 



THE earliest and fundamental cosceptiona of men 
r«epecting the objects with which Astronomy is 
concerned, are former! by familiar processes of thought, 
withont appearing to have in them anything technical 
or scientific. Days, Years, Months, the Sky, the Oon- 
Btellations, are notions which the most uncultured and 
incurious miacb possess. Yet these are elements of the 
Science of Astronomy. The reasons why, in this case 
alone, of all the provinces of buman knowledge, men 
were able, at an early and vmenlightened period, to 
conatnict a science out of the obvious facts of observa- 
tion, with the help of the common furniture of their 
minds, will bo more apparent in the course of the phi- 
losophy of science ; but I may here barely mention two 
They are, firat, that the familiar act 
ircised for the common purposes of life, 
ive to au assemblage of our impressions 
ks is implied in the above notions and 
terms, a Month, a Year, the Sky, and the like, is, in 
reality, an induttive act, and shares the nature of the 
processes by which all sciences are formed; and, in the 
next place, that the ideas appropriate to the indnction 
in this case, are those which, even in the least cultivated 
minds, are very clear and definite; namely, the ideas of 
Space and Figure, Time and Number, Motion and 
ItecuiTenc& Hence, from their firat ori^n, the modi' 
ficationa of those ideas assume a scientific form. 

We must now trace in detail the peculiar coui-se 
which, in consequence of these causes, the knowledge 
of man respecting the heavenly bodies took, from the 
earliest period of his history. 
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Earliest Stages of Astronomy. 




Sect. I. — Formation o/tlie Notion of a Year. 

THE notion of a Day is early and obviously im- 
pressed upon maa in almost any contlitios in. 
which we can imagine him. The recurrence of light 
and darkness, of comparative warmth and cold, of 
noise and silence, of the activity and repose of animals j 
— the rising, mounting, descending, and setting of the 
sun; — the varying colours of the clouds, generally, 
notwithstanding their variety, marked by a daily pro- 
gression of appearances; — ^the calls of the desire of 
food and of sleep in man himself, either exactly 
adjusted to the period of this change, oi- at least readily 
capable of being accommodated to it; — the recurrence 
of these circumstanees at intervals, equal, so ia:r as our 
obviousjudgment of the passage of time can decide; and 
these intervals bo short that the repetition is noticed 
with BO effort of attention or memory; — this assem- 
blage of suggestions makes the notion of a Day nooas- 
sarily occur to man, if we suppose hiFn to have the 
conception of Time, and of Eecurrence. He natui'ally 
marks by a term snch a portion of time, and auoh a 
cycle of recurrence; he calls each portion of time, in 
which this series of appearances and occurrences come 
round, a Day: and snch a group of particulars are 
considered as appearing or happening in the same 

A Tewr is a notion formed in the same manner; 
implying in the same way the notion of recurring 
facts; and also the feculty of arranging facts in time, 
and of appreciating their recun'ence. But the notion 
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of a Tear, though undoubtedly very obvious, is, on. 
mauy accouuts, less so than that of a. Day. The repe- 
'mUar circumstances, at equal intervals, is 
it in this case, and the intervals being much 
longer, some exertion of memory becomes requisite in 
order that the recurrence may be perceived. A child 
might easily be jiersuailed that successive years were 
of unequal length; or, if the summer were cold, and 
the spring and autumn warm, might be made to 
believe, if all who apoke in its hearing agreed to 
support the delusion, that one year was two. It 
would be impossible to practise such a deception with 
regard to the day, without the use of some artifice 
beyond mere words. 

Still, the recurrence of the appearances which sug- 
gest the notion of a Year is so obvioviu, that we can 
hardly conceive man without it. But though, in all 
climes and times, there would be a recurrence, and at 
the same interval in all, the recurring appearances 
would be extremely different in different couatries j 
and the contrasts and resemblances of the seasons 
■would be widely varied, lu some places the winter 
utterly alters the face of the country, converting grassy 
hills, deep leafy woods of various hues of green, and 
running waters, into snowy and icy wastes, and bare 
snow-laden branchesj while in others, the field retains 
its herbage, and the tree its leaves, all the year; and 
the rains and the sunshine alone, or various agri- 
cultural employments quite different from ours, mark 
the passing seasons. Yet in all parts of the world the 
yearly cycle of changes has been singled out from all 
others, and designated hy a peculiar nume. The inha- 
bitant of the equatorial regions has the sun vertically 
over him at the end of every period of six months, 
and aioiitar trains of celestial phenomena fill up each 
of these intervals, yet we do not find years of six 
months among such nations. The Arabs alone,^ who 
practise neither agriculture nor navigation, have a 
year depending upon the moon only; and borrow the 

I I IdeiQr. Jlerl. Trans. iS'l.P- i'- 
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■word from other languages, whea they speak of the 
solar year. 

In general, nations have marked this portion of time 
by Bome ■word which has a reference to the returning 
cirole of seasons and employments. Thus the Latin 
anniis signified a ring, as we see in the derivative 
annulus: the Greek term eviauroc implies something 
which returns into itud/: and the word as it exists in 
Teutonic languages, of which our word jear is an 
example, is said to hare its origin in the word yra, 
■which means a ring in Swedish, and is perhaps con- 
nected with the Latin gyrus. 

Seel. 2, — Fixation of the Civil Tear. 

Thb year, considered as a recurring cycle of seaaona 
and of general appearances, must attract the notice of 
man as soon as his attention and memory suffice to 
bind together the parts of a succession of the length of 
several years. But to make the same tenn imply a 
certain fixed number of days, we must know how 
many days the cycle of the seaaona occupies; a know- 
ledge which requires feeultiea and artifices beyoud 
■what we have already mentioned. For instance, men 
cannot reckon as far as any number at all approaching 
the number of days in the year, without possessing a 
system of numeral terras, and methods of practical 
numeration on which such a system of terms is always 
founded.^ The South American Indians, the Koussa 
Cafires and Hottentots, and the natives of New Hoi- 
land, all of whom are said to be unable to reckon 
further than the fingers of their hands and feet,* 
cannot as we do, include, in their notion of a year, the 
fact of its consisting of 365 days. This &ct is not 
likely to be known to any nation except those which 
have advanced far beyond that which may be con- 
sidered as the earliest scieotifio process which we can 
trace in the history of the human race, the formation 

2 ArH/imctu: In Emgc. Mtir'ip. (by Dr. Feocoek.l Arl. 8. 
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of a method of designating tlie successiTe nunbers 
to an indefinite extent, hy means of names, framed 
according to the decimal, quinary, or vigenaiy scale. 

But even if we suppose wen to have the habit of 
reeordiog the passage of each day, and of connting the 
score thus recorded, it would be by no means easy for 
them to determine the exa«t number of days iu which 
the cycle of the seasons recurs; for the iudetiniteuess of 
the appearances which mark the same season of the 
year, and the changes to which they are subject as the 
seasons we early or late, would leave much uncertainty 
respecting the duration of the year. They would not 
obtain any accuracy on this head, till they had attended 
for a conaidenible time to the motions and places of 
the sun ; circumstances which require more precision 
of notice than the general facts of the degrees of heat 
and light. The motions of the sun, the succession of 
the places of his rising and setting at different times of 
the year, the greatest heights ■which he reaches, the 
proportion of the length of day and night, would all 
exhibit several cycles. The taming back of the aun, 
when he had reached his greatest distance to the south 
or to the north, as shown either by his rising or by his 
height at noou, would perhaps be the most observable 
of such circumstances. Accordingly the rpoirai JicXioio, 
the tnrniuga of the sun, are used repeatedly by Hesiod 
as a. mark from which he reckons the seasons of 
various eraploymeuta. ' Fifty days,' he says, ' after 
the turning of the sun, is a seasonable time for begin- 
ning a voyage.'* 

The phenomena would be diETerent in different 
climates, but the recurrence would be common to alL 
Any one of these kinds of phenomena, noted with 
moderate care for a year, would show what was the 
number of days of which a year consisted; and if 
several years were included in. the interval through 
which the scrutiny extended, the knowledge of the 
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length of the year ho acquired would be proportionally 

Beaides those notices of the sun, which offered exact 
indications of the seasons, other more indefinite natural 
occurrenoea were used; as the arrival of the swallow 
(xeX.?«i') and the kite (!«-(V). The birds, in Ari- 
Btophanea's play of that name, mention it, as one of 
their offices, to mark the seasons; Hesiod similarly 
notices the cry of tlie crane as an indication of the 
departure of winter.^ 

Among the Greeks the seasons were at first only 
summer and winter (dipog and j^fi^oij'), the latter in- 
cluding all the rainy and cold portion of the year. 
The winter was then subdivided into the x"t"^^ ^'^^ 
tap (winter proper and spring), and the summer, lesa 
definitely, into Oc'poc and oiriipa (summer and autumn), 
Tacitus says that the Germans knew neither the 
blessings nor the name of autumn, ' Autumni perinda 
noraen ac bona ignorantur.' Yet liarvegt, herbsi, is 
certainly an old German word.^ 

In the same period in which the sun goes through 
his cycle of positions, the stars also go through a cycle 
of appearances belonging to them; and these appear- 
ances were perhaps employed at as early a period as 
those of the sun, in determining the exact length of the 
year. Many of the groups of fixed stars are readily 
recognized, aa exhibiting always the same configuration; 
and particular bright stars are singled out as objects of 
attention. These are observed, at particular seasons, 
to appear in the west after sunset ; but it is noted that 
when they do this, they are found nearer and nearer to 
the suu every successive evening, and at last disappear 
in his light It is observed also, that at a certain 
interval ifter this, they rise visibly before the dawn of 
day renders the stars invisible ; and, after they are seen 
to do this, they rise every day at a longer interval he- ^ 
fore the sun. The risings and settings of the stars 
under these circumstances, or under others which are 
easily recognized, were, in countries where the sky is 
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tianaJly dear, employed at an early period, to mark the 
seasans of the year. Eschjlua? makes Prometheus 
mention this among the benefits of which he, the teacher 
of Bits to the earliest race of men, was the communicator. 

Thus, for instance, the rising^ of the Pleiades in the 
evening was a mark of the approach of winter. The 
rising of the watera of the Nile in Egypt coincided with 
the heliacal rising of Siiiua, which star the Egyptians 
called Sothis. Even without any artificial measure of 
time or position, it was not diflicult to carry observa- 
tions of this kind to such a degree of accuracy as to 
leara from them the number of days which compose 
the year ; and to fix the precise season from the ap- 
pearance of the stars. 

A knowledge concerning the stars appears to have 
been first cultivated with the last-mentioned view, 
and makes its first appearance in literature with 
this for its object. Thus Hesiod directs the hus- 
bandman when to reap by the rising, and when to 
plough by the setting of the Pleiades.' In like 
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By such means it was determined that the year 
coasiated, at least, nearly, of 365 days. The Egyptians, 
aa we leam from Herodotus,'^ claimed the honour of 
this discovery. The priests informed him, he says, 
' that the I^yptiana were tlie first men who discoTered 
the year, diriding it into twelve equal parts; and this 
they asserted that they discovered from the stars.' 
Each of these parts or months oousisted of 30 days, 
and they added 5 days more at the end of Uie year, 
' and thus tlie circle of the seasons cornea round.' It 
seems, also, that the Jews, at au early period, had a 
similar reckoning of time, for the Deluge which con- 
tinued 150 days (Gen. vii. 24,) is stated to have lasted 
from the 17th day of the second month (Gen, vii 11) 
to the 17th day of the seventh month (Gen, viiL 4,) 
that is, 5 months of 30 days. 

A year thus settled as a period of a certain number 
of days is called a Civil Year. It is one of the earliest 
discoverahle institutions of states possessing any germ 
of civilization; and one of the earliest portions of 
human systematic knowledge is the discovery of the 
length of the civil year, so that it should agree with. 
the natural year, or year of the seasons. 



r' uv S' fCqioiTa /iiri Tpoirac rllXlolo 
•liipL, iKTtXktry "Zttb^ fffxaTa^ Sif pa tot 



Oipavbv, AptTOvpov S' toily paSofdtTvXo!; i)ui;, 

" oiirip Itriv Si) 

nXijVaJic 'Yalts ri ri Tt aetvog 'ilpiaivos 

These melhodt were employed to B late period, beoaiine the Greek 
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Sect. 3. — Correction of tli& Civil Year. (Julian 
Calendar. ) 

Ik renlity, by such a mode of reckoning as we liave 
described, the circle of the seasons would not come 
round exactly. The real lengtli of the year is very 
■nearly 365 days and a quarter. If a year of 365 daya 
were used, in four years the year would begin a day too 
soon, when considered with reference to the sun and 
stars; and in 60 years it would begin ig days too aoon; 
a quantity perceptible to the loosest degree of attention. 
The civil year would be found not to coincide with the 
year of the aeaaona; the licginning of the former would 
take place at different periods of the latter; it would 
icafuler into various seasons, instead of remaining fixed 
to the same season ; the t-eim i/ear, and any number of 
years, would become ambiguous; some correction, at 
least some comparison, would be requisite, 

We do not know by whom the insufficiency of the 
jear of 365 days was first discovered;'* we find this 
knowledge diffused among all civilized nations, and 
various artifices used in making the correction. The 
method which wo employ, and which consists in reckon- 
ing an additional day at the end of February every 
fourth or leap year, is an example of the principle of 
infercalation, by which the correction was most com- 
monly made. Methods of intercalation for the same 
purpose were found to exist in the new world. The 
Mexicana added 13 days at the end of every 52 years. 
The method of the Greeks was more complex; (by 
means of the oelaeteris or cycle of 8 years ;} but it had 
the additional object of accommodating itself to the 
motions of the moon, and tiierefore must be treated of 
hereafter. The Egyptians, on the other hand, know- 
ingly permitted their civil year to wander, at least so 
iar as their rehgious observances were concerned. ' They 
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do not wiah,' says Geminua,^^ ' the same sacrifices of the 
gods to be made perpetually at the same time of the 
year, but that they shoidd go through all the seasons, 
BO that the same feast may happen in 
winter, in spring and autumn.' The period in which 
any festival would thus pans throngh ^ the seasons of 
the year is 1461 years; for 1460 years of 365^ days 
are equal to 1461 years of 365 days. This period of 
1461 years is called the Sothie Period, irova Sethis, the 
name of the Dog-star, by which their fixed year was 
determined ; and for the same reason it is called the 
Cwiieular Period.'^ 

Other nations did not regulat* their civil year by 
intercalation at short intervala, but rectified it by a 
refonn when this became necessary. The Persians are 
said to have added a month of 30 days every 1 20 years. 
The Eoman calendar, at first very rude in its structure, 
was reformed by N«ma, and was directed to be kept in 
order by the perpetual interposition of the angurs. 
This, however, was, from various causes, not properly 
done) and the consequence was, that the reckoning fell 
into utter disorder, in which state it was found by Julius 
Csesar, when he became dictator. By the advice of 
Sosigenee, he adopted the mode of intercalation of one 
day in 4 years, which we still retain; and in order to 
correct the derangement which had already been pro- 
duced, he added 90 days to a year of the usual length, 
which thus became what was called (Ae year o/'cow^Mion. 
The Jvlian Calendar, thus reformed, came into use, 
January i, B.C. 45. 

Sect. 4, — Attempts at the Fixation of the Month. 

TiiE circle of changes tbeough which the moon passes 
in about thirty days, is marked, in the earliest stf^es 
of language, by a woi-d which implies the space of time 
which one such circle occupies; just as the circle of 
changes of the seasons is designated by the word yeair. 
The lunar changes are, indeed, more obvious to the 
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, and strike a more careless person, than the 
annual ; tbe moon, when the sun ia absent, is almost 
ttie sole natural object wliich attracts our aotice; and 
we look at her with a far more tranquil and agreeable 
attention than we bestow on any other celestial objeot. 
Her changes of form and place are definite and striking 
to all eyea; they are uninterrupted, and the duration 
of their cj'cle ia so short as to reqiure no effort of 
memory to embrace it. Hence it appears to be more 
easy, and in earlier stages of civilization more oommon, 
to Dount time by tnoona than by years. 

The words by which this pei-iod of time ia designated 
in various languages, seem to refer us to the early 
hifrtory of language. Our word tnonth is connected 
with the word moon, and a similar connexion is 
noticeable in the other branches of the Teutonic. The 
Greek word ;*()* in like manner is related to /iqcij, 
which, though not the common word for the moon, ia 
found in Homer with that signification. The Latin 
word meruit is probably connected with the same 
group." 

The month is not any exact number of days, beiug 
more than 29 and less than 30. The latter number 
was first tried, for men more readily select numbers 
possessing some distinction of regularity. It existed 
for a long period in many countries. A very few 
months of 30 days, however, would suffice to dei'ange 
the agreement between the days of the months and the 
moon's appearance. A little further trial would show 
that months of 29 and 30 days alternately, would 
preserve, for a considerable period, this agreement. 

17 CItero derives Ibis word fram that of nn>iuji. ke„ noticed above: 

ipmtil conHciunt, Tumws noml- 10 Ihe carlicit condition of lan- 

nuitUT:' ud other elymologtUi. gaage. we must oonceivs it pro- 

iria ilmnK iten, eonnfd tbs buble ihUmenwonldhavesnime 

■bore-mentiDned words with Ihe far a moat Dontpicuoiu visible 

HebrtiT momiA, lo meamre, (with ohjwt.lie moon, before the/ would 
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The Greeks adopted this calendar, and, in oonse- 
qnence, conaidered the days of their month as repr&- 
aenting the changes of the moon : the last day of the 
month was called tiTj Kai yia, ' the old and new,' lu 
belonging to hoth the waning and the reappearing 
moon:'^ and their festivals and sacrifices, as deter- 
mined hy the calendar, were conceived to be neces- 
Batily connected with the same periods of the cycles of 
the Bun and moon. 'The laws and the ocacles,' saya 
Gemians, ' which directed that they should in sacrificea 
observe three things, months, days, years, were so 
understood.' "With this persuasion, a correct system 
of intercalation became a religious duty. 

Theahoveraleof alternate months of 29 and 30 days, 
supposes the length of the months 29 days and a 
half, which is not exactly the length of a lunar month. 
Accordingly the Months and the Moon were soon at 
■variance. Aristophanes, in ' The Clouds,' makes the 
Moon complain of the disorder when the calendar was 
deranged. 

Ovr DTfiJ' T(!c JipipaQ 

"Qot' diriiXflv aijo-ii- airy roij; SioiQ icaaToTt 

trie fopr^c jifj TVxivT^Q KarA Xoyov T&v ^/iipiiv. 

Nubta, Gij — tg, 
Cdohtts Of Clodds. 
The Mood bj uh Io jod her greeting B^d^, 
But bids Da aay lliat abe'e au ill-ueed moon. 
And takes it mucb amiss tbat you eliould still 
Shuffle her days, and turn them lopsj-tnrvj ; 
And that the gods (who kuiiH their feast-days well,) 
By your false count are sent home anpperiesa, 
And scold and fltorm at her for your neglect. ^^ 

'Aici S' a\Xo9iv a^Xa vapasXivovaa fUToira 

As Btill her shifUng -visage clianginp turns, 

By her we count the monthly round of mor 

X This passage Is supposcit by (spolien of in Sect. ;), which had 

the caminentatorB (0 he intended been done at Allit 

u a entire upon those Rlin had before ' The Cloud: 

Iniroduetd the cycle of Melon 
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The correction of thia inaccuracy, however, 
pursued separately, bat was combined with another 
object, the securing a correspondence between the 
lunar and solar years, the main purpose of all early 
cjclea. 

SecL 5- — Invention o/Lunisolar Tears, 

ToERE are 13 complete lunations in a year; which 
according to the aboTc rule (of 29^ daya to a luna- 
tion) would make 354 days, leaving 1 2\ days of ditier- 
ence between such a lunar year aiid a solar year. It 
is said, that at an early period, this was attempted to 
be corrected by interpolating a month of 30 days every 
alternate year ; and Herodotus '^ relates a conversation 
of Soloo, implying a still ruder mode of intercalation. 
This can hardly be considered as au improvement in 
the Greek calendar already described. 

The first cycle which produced any near corr&- 
Bpondence of the reckoning of the moon and the suu, 
was the Octaeteris, or period of 8 years : 8 years of 
354 days, together with 3 months of 30 days eaeh, 
making up (in 99 lunations,) 3922 days; which is 
exactly the amount of 8 years of 365^ days each. 
Hence this period would answer its purpose, so far as 
the above lengths of the lunar and solar cycles are 
exact; and it might assume various forms, accoi-ding 
to the manner in which the three intercalary months 
irere distributed. The cuatomary method was to add 
a thirteenth month at the end of the third, fifth, and 
eighth year of the cycle. This period is ascribed to 
various persons and times; probably difl'erent persona 
proposed different forms of it. DodwcU places its 
introduction in tlie 59th Olympiad, or in the 6th cen- 
tury, B.a ; hut Ideler thinks the astronomical know- 
ledge of the Greeks of that age was too limited to 
allow of such a discovery. 

This cycle, however, was imperfect. The duration 
©£99 lunations is something more than 2912 days; It 
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is more nearly 2923^; tence in 16 jears tliero ■was n 
deficiency of 3 days, with regard to the motions of the 
moon. This cycle of 16 years [Heccfedecaetm-ia), -with 
3 interpolated days at the end, was used, it is eaid, to 
bring the calculation right with regard to the mooitj 
but in this way the origin of the year waa displaced 
■with regard to the sun. After 10 revolutions of this 
cycle, or 160 years, the interpolated days would 
amount to 30, and hence the end of the lunar ye*r 
would he a month in advance of the end of the solar. 
By terminating the lunar year at the end of the 
preceding month, the two years would again be 
brought into agreement: and we have thns a cycle of 
160 yeare.^^ 

This cycle of 160 years, however, was calculated 
from the cycle of 16 years; and it was probably never 
used in civil reckoning; which the others, or at least 
that of 8 years, appear to have been. 

The cycles of 16 and 160 years, were corrections of 
the cycle of 8 years ; and were readily suggested, when 
the length of the solar and lunar periods became known 
with accuracy. But a much more exact cycle, inde- 
pendent of these, was diticovered and introduced by 
Melon, ^- 432 years aa This cycle consisted of 19 years, 
and ia BO correct and convenient, that it is in use 
among ourselves to this day. The time occupied by 
19 years, and hy 235 lunations, is very nearly the 
same; (the fonner time is less than 69+0 days by 
9I hours, the latter, hy 7^ hours.) Hence, if the 
19 years be divided into 235 montlis, so as to agree 
with the changes of the moon, at the end of that 
period the same succession may begin again with great 



In order that 235 months, of 30 and 29 days, may 
make up 6940 days, we must have 125 of the former, 
which were called /uU mouths, and 1 10 of the latter, 
which were termed hollow. An artifice waa used in 
order to distribute no hollow months among 6940 
days. It will he found that there ia a hollow month 
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for each 63 days nearly. Hence if we reckon 30 days 
to every month, but at every 63rd day leap over & day 
in the reckoruig, we shall, iu the 19 years, omit tto 
dayit ; and this accordingly was done. Thus the 3rd 
day of the 3rd month, the 6th day of the 5th month, 
the 9th day of the 7th, must be omitted, so as to make 
these months 'hollow.' Of the 19 years, seven must 
consist of 13 mouths ; and it does not appear to he 
known according to what order these seven years were 
Bttlected. Some say they were the 3rd, 6th, 8th, 1 ith, 
14th, 17th, and i<)th; others, the 3rd, flth, 8th, iitb, 
13th, 16th, and 19th. 

The near coincidence of the solar and lunar periods 
iu this cycle of 19 y^ars, was undoubtedly a consider- 
able discovery at the time when it was first accom- 
plished. It is not easy to trace the way in which such 
a discovery was made at that time ; for we do not 
even know tlie manner in which men then recorded 
the agreement or difierence between the calendar day 
and the celestial phenomenon which ought to corre- 
spond to it. It is most probable, that the length of 
tbe month was obtained with some exactness, by the 
observation of eclipses, at considerable intervals of 
time from each other ; for eclipses are very noticeable 
phenomena, and must have been very soon observed to 
occur only at new and full moon.^ 

The exact length of a certain number of months 
being thus known, the discovery of a cycle which 
should regulate the calendar with sufficient accuracy, 
would he a business of arithmetical skill, and would 
depend, in part, on the existing knowledge of arith- 
metical methods ; but in making the discovery, a 
natural arithmetical sagacity was probably more eflS- 
cacious than method. It ia very possible that the 
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to make allowanoe 

obsierved, 6940 days 

id than 235 lunations; 



Cyde, of Melon is correct more nearly than its antlior 
was aware, and more nearly tban lie could ascertain 
from any evidence and calcuktion known to him. It 
is so exact that it is still used in calculating the new 
moon for the time of Easter ; and the Golden N'umher, 
which is spoken of in stating such rules, is the number 
of this Cycle corresponding to tbe current year.^ 

Melon's Cycle was corrected a hundred years later 
(330 B.C.), by Oalippus, who discovered the error of it 
hy observing an eclipse of the moon six years before 
the death of Alexander.^^ In this corrected period, 
four cycles of 19 years were taken, and a day left out 
at the end of the 76 yeai-s, 
for the hours by which, as 
are greater than 19 years, 

and this Galippie period is used in Ptolemy's Almagest, 
in stating observations of eclipses. 

The Metonic and Calippic periods undoubtedly 
imply a very considerable degree of accuracy in the 
knowledge which the astronomers, to whom they are 
due, had of the length of the month ; and the first is a 
very happy invention for bringing the solar and lunar 
calendars into agreement. 

The Roman Calendar, irom which our own ia de- 
rived, appears to have been a much less skilfiil contriv- 
ance than the Greekj though scholars are not agreed 
on the subject of its construction, we can bai-dly doubt 
that months, in this as in other cases, 
originally to have a reference to the mi 
ever manner the solar and lunar motion; 
to be reconciled, the attempt seems altogether to.have 
fiiiled, and to have been soon abandoned. The Komaa 
months, both before and after the Julian correction, 
were portions of the year, having no reference to full 
and new moons; and we, having adopted this divi- 
sion of the year, have thus, in our common calendar, 



The same cycle of 19 yens tba Greekd.ofmontUBOfigat 

beenuicd by tbe Chinese tor days. The Sininest alaobai'i 

irygrEat Itngtb of liinci llieir period, (^sfron. Lib. U. K.) 
yeur oon>ljting, liWn Ihm ot -' ln:\ain\i. A. A.'p. \i. 
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the traces of one of the early attempts of mankind to 
seiae the law of the succession of celestial phenomena, 
in a case where the attempt was a complete failure. 

Considered as a part of the progress of our astro- 
nomical knowledge, improvements in the calendar do 
not offer many points to om- observation, but they 
exhibit a few very important steps. Calendars which, 
belonging apparently to unacientifla ages and nations, 
possess a gi'eat degree of aooordance with the true 
motioua of the sun and moon, (like the solar calendar 
«f the Mexicans, and the lunar calendar of the Greeks,) 
contain the only record now extant of discoveries 
which must have required a great deal of observation, 
of thought, and probably of time. The later ioiprove- 
menta in calendars, which take place when astro- 
nomical observation has been attentively pursued, are 
of little consequence to the history of science; for they 
are generally founded on astronomical determinations, 
and are posteiior in time, and inferior in accuracy, to 
the knowledge on which they depend. But cycles of 
correction, which are both shoi-t and close to exact- 
ness, like that of Meton, may perhaps he the original 
form of the knowledge which they imply; and cer- 
tainly require both accurate iacts and sagacious 
arithmetical reaaoniDgs. The discovery of such a 
cycle must always have the appearance of a happy 
guess, like other discoveries of laws of nature. Beyond 
this point, the interest of the study of calendars, as 
bearing on our subject, ceases : they may be considered 
as belon^ng rather to Art than to Science; rather as 
an application of a part of our knowledge to the uses 
of life, than a means or an evidence of its extension. 

Sect. 6, — The ConMeUatiima. 

Sons tendency to consider the stai's as formed into 
groups, is inevitable when men begin to attend to 
them; but how men were led to the fanciful system of 
names of Stars and of Constellations, which we find to 
have prevailed in early times, it is very difficu.lt to 
Aetttwjne. Single s£ai^% and very close gvou^, aa ^Joa 
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FleiEules, were named in the time of Homer and Hesiod, 
and at a still earlier period, ae we fiad in the book of 
Job.M 

Two remarkable circuTiiBtan<'-es with respect to the 
Constellations are, first, that they appear in moat casea 
to be arbitrary combinations; the artificial figures 
which ai'e made to iucliide the stars, not having any 
resemblance to their obvious oonfigurationa ; and] 
Beeoud, that these figures, in different countries, are bo 
far eimilar, as to imply some communication. Tha 
arbitrary nature of these figures shows that they were 
rather the work of the imaginative and mythological 
tendencies of man, than of mere convenience and love 
of arrangement. ' The conatellations,' says an astro- 
nomer of our own time,'^ ' seem to have been almost 
purposely named and delineated to cause aa much con- 
fusion and inconvenience as jwsBible. Innumerable 
snakes twine through long and contorted areas of tha 
heavens, where no memory can follow them : bears, 
lions, and fishes, large and small, northern and 
southern, confuse all nomenclature. A better Byst«m 
of constellations might have been a material belp as 
an artificial memory.' When men indicate the stars 
by figui-es, borrowed from obvious resemblances, they 
are led to combinations quite different from the re- 
ceived constellations. Thus the common people in our 
own country find a wain or waggon, or a plough, in a 
portion of the great bear."^ 

=« Job xESTiii. Ji. 'Camt And ix, g, 'Which mnkelh 



Ihou bring fortb Maiiaroth Alsoh was aE5, tlie goM «ad kid», 
(Sirius) in his aeason? or cunsl Sre Hyde, Ulvghbtigh. 
thou gnide Ash (or Aiach) (Arotu- » Sir J, HmBcheL 
nu)wlthhi>BODB!- 
" So 8l90 tlie Greelta, Homer. It. ivill. 4B7. 

'ApKTBv ^v Kai H/ia^av fTTiKXijiriv Kaktovmv. 

The Northdrn Besr which oft tbe Waio Ihey calL 

'ApjCT-oe sraa the ttadillonal Damci u/laSa, tliat anggpsted by thg 
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The similaritf of tbe conatellations recognized ia 
different countries is very remarkable. The Chaldean, 
the Egyptian, and the Grecian skieB have a reaem- 
blance which cannot be overiooked. Some have con- 
ceived that this reaemblauce may be traced also in the 
Indian and Arabia conatellations, at least in those of 
the zodiac^* But vhile the figures are the same, the 
names and traditions connected with them are dif- 
ferent, according to the histories and localities of each 
countiy;^ the river among the atoi-s which the Greeks 
called the Eridauus, the Egyptians asserted to be the 
Nile. Some conceive that the Signs of the Zodiac, or 
path along which the sun and moon pass, had its 
I divisions marked by signs which had a reference to 
the course of the seasons, to the motion of the sun, or 
the employments of the husbandman. If we take the 
position of the heavens, which, from the knowledge we 
now possess, we are sure they must have had 1 5,000 
years ago, the significance of the signs of the zodiac, in 
which the sun was, as referred to the Egyptian year, 
becomes very marked,^' and has led some to suppose 
that the zodiac was invented at such a period. Others 
have rejected this as an improbably great antiquity, 
and have thought it more likely that the constellation 
aaugned to each season was that which, at that season, 
rose at the beginning of tho night: thus the balance 
(which is conceived to designate the equality of days 
and nights) was placed among the stars which rose in 
I the evening when the spring began: this would fix 
t the origin of these signs 3500 years before our era. 

It ia clear, as has already been said, that Fancy, and 
probably Superstition, had a share in forming the col- 
lection of constellations. It is certain that, at an early 
period, superstitious notions were associated with the 
'■ stare.^* Astrology is of very high antiquity 111 the 
I XmL The stars were supposed to influence the 
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character and destinj of man, and to be in iionie y/ay 
connected with superior natures and powers. 

We may, I cuoceive, look upon the formation of the 
constellations, and the notions tbua connected with 
them, aa a very early attempt to fiad a meaning in the 
relations of the stars; and as aa utter failure- 'Che 
first efiort to associate the appearances and motions of 
the skies by conceptions implying unity and con- 
nexion, was made in a wrong direction, as may very 
easily be supposed. Instead of coaaideiing the appear- 
auoes only with reference to space, time, number, in a 
manner purely rational, a number of other elements, 
imagination, tradition, hope, fear, awe of the super- 
natural, belief in destiny, were called into action. 
Man, still young, aa a phlloBOpher at least, had yet to 
learn what notions his succe3i<ful guesses on these sub- 
jects must involve, and what tbey must excluda At 
that period, nothing could be more natural op ex- 
cusable than this ignorance; but it is curious to see 
how long and Low obstinately the belief lingered (if 
indeed it be yet extinct) that the motions of the stars, i 
and the dispositions and fortunes of men, may come 
under some common conceptions and laws, by which 

connexion between the one and the other may ba 



We cannot, therefore, agree with those who consider 
Astrology in the early ages aa ' only a degraded Astro- 
nomy, the abuse of a more ancient acieuc&'^ It waa 
the first step to astronomy, by leading to habits and 
means of grouping phenomena; and, after a while, by 
allowing that pictorial and mythological relations 
among the stars had no very obvious valua From 
that time, the inductive process went on steadily 
the true road, under the guidance of ideas of spacer 
time, and number. 

Seel. J.— The Planetg. 

While men were becoming familiar with the fixed 
stars, the planets must have attracted their notioo. 
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Veous, from her brightness, and from ber accompany- 
ing the sun at no great diatanee, and thus appearing 
83 tlie morning and evening star, was very conspicuous. 
Pythagoras is said to have maintained that the evening 
and morning star are the same body; which certainly 
muHt have been one of the earliest discoveries on this 
subject ; and indeed, we can hardly conceive men 
noticing the stars for a jreai* or two without coming 
to this conclusion, 

Jupiter and Mars, sometimes still brighter than 
Tenus,were also very noticeable, Saturn and Mercury 
■were less so, but in fine climates they and their motion 
would soon be detected by pei-sons observant of the 
heavens. To reduce to any rule the laovements of 
these luminaries must have taken time and thought ; 
probably before this was done, certainly very early, these 
heavenly bodies were brought more peculiarly under 
thoseviews which we have noticed as leading to astrology, 

At a time beyond the reach of certain history, the 
plajiets, along with the sun and moon, had been 
arranged in a certain recognized order by the Egyptians 
or some other ancient nation. Probably this arrange- 
ment had been nmde according to the slowness of their 
motions among the starsj for though the motion of 
each iH very variable, the gradation of their velocities 
is, on the whole, very manifest; and the different rate 
of travelling of the different planets, and probably 
other circumstances of difference, led, in the ready 
fancy of early times, to the attribution of a peculiar 
character to each luminaiy. Thus Saturn was held to 
be of a cold and gelid nature; Jupiter, who, from his 
moi-e rapid motion, was supposed to he lower in place, 
■was temperate; Mars, fieiy, and the like,'* 
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It is not necessaiy to dwell on the details of thesp 
Bpeculationa, but we may notice a very remarkable 
evidence of their antiquity and generality in the struc- 
ture of one of the most familiar of our measures of 
time, the Week. This diatribution of time according 
to periods of seven days, cornea down to ua, as we leam 
from the Jewish scriptures, from the beginning of i 
man's existence on the earth. The same usage is foirnd 
over all the East; it existed among the Arabians, 
Aaayriana, I^yptians,^^ The eame week is found in 
India among the Bramina; it has, there also, its days 
marked by those of the heavenly bodies; and it has 
been ascertained that the same day has, in that country, 
the name correaponding with its designation in other 
nations. 

The notion which led to the naual designations of 
the days of the week is not easily unravelled. The 
days each correspond to one of the heavenly bodies, 
which were, in the earliest Bystoms of the world, con- 
ceived to be the following, enumerating them in the 
order of their remoteness from the earth;'* Saturn, 
Jupiter, Mars, the Sun, Venus, Mercuiy, the Moon. " 
At a later period, the received systems placed the seven 
luminaries in the seven sp/ieres. The knowledge which 
waa implied in this view, and the time when it was 
obtained, we must consider hereafter. The order in 
which the names are aasigned to the days of the week 
(beginning with Saturday,) is, Saturn, the Sun, the 
Moon, Mare, Mercury, Jupiter, Venus; and various 
accounts are given of the manner in which one of these 
orders is obtained from the other; all the methods 
proceeding upon certain arbitrary arithmetical pro- 
cesses, connected in some way with astrological viewa 
It is perhaps not worth our while here to examine 
further the steps of this process; it would be difficult 
to determiije with certainty why the former order of 
the planets was adopted, and how and why the latter 
was deduced from it. But there is something very 
I'emarkable in the universality of the notionH, sppb^ 

» Liipl ace, nij!. Jsliim.v, i6- * PWlut. Jf.u.'No. t. 
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rently so fautastic, which have produced this result; 
and we may probablyconaiderthe Week, with Laplace,^' 
113 ' the most ancient monument of astronomical know- 
ledge.' This period has gone on without interruption 
or irregularity from the earliest recorded times to our 
' own days, traversing the extent of ages and the revo- 
lutions of empires; the names of the ancient , deities 
■which were associated with the stei-s have been replaced 
by those of the objects of the worahiji of our Teutonic 
BQcestors, according to their views of the correspond- 
ence of the two mythologies; and the Quakers, in 
rejecting these names of days, have cast aside the most 
ancient existing relic of astrological us well aa idolatrous 
superstition. 

Seel. B.—T/te Circles of tits Sphere. 

The inventions hitherto noticed, though undoubtedly 
they were steps in astronomical knowledge, can hardly 
be considered as purely abstract and scientific specula- 
tions; for the exact reckoning of time ia one of the 
wants, even uf the least civilized aatious. But the dis- 
tribution of the places and motions of the heavenly 
bodies by means of a celestial sphere with imaginary 
iines drawn upon it, is a step in speculative astronomy, 
and was occasioned and rendered important by the 
scientific propensities of man. 

It is not easy to say with whom this notion ori- 
ginated Some parte of it are obvious, The appear- 
ance of the sky naturally su^eets the idea of a concave 
Sphere, with the stars fixed on its surface. Their 
motions during any one night, it would be readily seen, 
might be represented by supposing this Sphere to turn 
round a Pole or Axis; for there is a conspicuous star 
in the heavens which apparently stands still (the Pole- 
Btar) ; all the others travel round this in circles, and 
.keep the same portions with respect to each other. 
This stationary star is eveiy night the same, and in the 
same place; the other stars also have the same relative 
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position; but their general position at the same time 
of night varies gradually from night to night, bo as to 
go through its cycle of ftppearancea once a year. All 
this would obviously agree with the supposition that 
the sky is a concave sphere or dome, that the stars 
have fised places on this sphere, and that it revolves 
perpetually and uniformly about the Pole or fixed 

But this RuppoBition does not at all explain the ymj 
in which tlie appearances of different nights succeed 
each other. This, however, may be explained, it 
appears, by supposing the mtre also io move among the 
stare on the surface of the concave sphere. The sun by 
hia brightness makes the stars invisible which ate on 
his side of the heavens ; this we can easily believe ; for 
the moon, when bright, also puts out all but the largest 
stars; and we see the stars appearing in the evening 
each in its place, according to their degree of splendour, 
as fast as the declining light of day aUows them to 
become visible. And as the sun brings day, and his 
absence night, if he move through the circuit of the 
stars in a year, we shall have, in the course of that 
time, every part of the starry sphere in succession pre- 
sented to us as our nocturnaJ sky. 

This notion, that Uie sun moves round among the 
Mars in a year, is the basis of astronomy, and a con- 
siderable part of the science is only the development 
and particularization of this general conception. It is 
not easy to ascei'tain either the exact method by which 
the path of the sun among the stars was determined, 
or the author and date of the discovery. That there 
is some difficulty in tracing the course of the sun 
among the stars will be clearly seen, when it is con- 
sidered that no star cau evei' be seen at the same time 
with the sun. If the whole circuit of the sky be 
divided into twelve parts or »i<rns, it is estimated by 
Autolycus, the oldest writer on these siibjeots whose 
works remain to us,^ that the stars which occupy one 
of these parts are absorbed by the solar rays, so that 
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thej cannot be seen. Hence tlie stars which are seen 
neareat to the place of the setting and the rising sun in 
the evening and iu the morning, are distant from him 
by the half of a aign; the evening stars being to the 
■west, and the morinng stars to the east of him. If the 
oLiserver had previously obtained a knowledge of the 
places of all the principal stars, he might in this way 
deteiTnine the position of the sun each night, and thus 
trace his path in a year. 

In this, or some such way, the sun's path was deter- 
mined by the early astronomers of Egypt. Thales, 
who is mentioned as the father of Greek astronomy, 
probably leamt among the Egyptians the results of 
such speculations, and introduced them into his own 
country, His knowledge, indeed, must have been a 
great deal more advanced than that which we are now 
describing, il' it be true, as in asserted, that he predicted 
an eclijtse. But his having done bo is not very con- 
sistent with what we are told of the steps which his 
Buccessors had still to maka 

The Circle of the Signs, in which the sun moves 
Bmong the Btars, is obhquely situated with regard to 
the circlea in which the stars move about the poles. 
PlinyM states that Anaxiinander,*" ascholar of Thalcs, 
■was the first person who pointed out this obliquity, 
and thus, as he says, 'opened the gate of nature.' 
Certainly the person who first had a clear view of the 
Iiature of the sun's path in the celestial sphere, made 
that step which led to all the rest; but it is difficult to 
conceive that the Egyptians and Chaldeans had not 
fdready advanced so far. 

The diurnal motion of the celestial sphere, and the 
motion of the moon in the circle of the signs, gave rise 
to & mathematical science, tlie Doctrine of t/ie Sphere, 
which was one of the earliest branches of applied 
mathematics. A number of technical conceptions and 
terms were soon introduced. The f!phere of the 

» Ub, il. c. (vtU.) 

» PluUreh, Dc Ptae. pliU. lib, il. cap. xiL, bbj'b Fjaiaeoma -was V\\o 
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heavens was conceived to be complete, thongh ire see 
but a part of it; it was sa])p>osed to turn aboiit the 
-visible pole and another pole opposite to this, and these 
poles were connected by an imaginary Axis. The 
circle which divided the sphere exactly midway between 
these poles was called the Equator {iin)fiipti'og). The 
two circles parallel to this which bounded the auu's 
path among the stars were called Tropica {rpmriail), 
because the sim tv/>iis back again towards the equator 
when he reaches tbem. The stars which never set are 
bounded by a circle called the Arctic C'irde {apKriaid, 
flrom li^icTos, the Bear, the constellation to which eomo 
of the principal stars within that circle belong). A 
circle about the opposite pole is called Antarelie, and 
the stars which ai-e witliin it can never rise to us.*' 
The sun's path or circle of the signs ia called the 
Zodiac, or circle of animals; the points where this 
circle meets the equator are the Equinociial Points, 
the days and nights being equal when the sua is in 
them; tlie Solstitial Points are those where the sim's 
path touches the tropics; his motion to the south or 
to the north ceaaea when he is there, and he appears in 
that respect to stand stilL The Colurea (edXoufwi, 
fimtUaied) are circles which pass through the poles and 
through the equinoctial and solstiti^ points; they 
have their name because they are only visible ia part, 
a portion of them being below the horizon. 

The Horizon {bpHaiv) is commonly understood as the 
boundary of the visible earth and heaven. In th« 
doctrine of the sphere, this boundary is a great circle, 
that is, a circle of which the plane passes through the 
centre of the sphere; and, therefore, an entire hemi* 
sphere is always above the horizon. The term occurs 
for the first time in the work of Euclid, called Phawh- 
mena {^aivo^ya). We posseaa two treatises written 
by Autolycus*^ (who lived about 300 b.c.) which trace 
dedtuUivdy the results of the doctrine of the sphere. 
Supposing its diurnal motion to be iiuiform, in a work 
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entitled JJipl Kivov^cvqc 2^'pnic, ' On the Moving 
Sphere,' he demonatrates various properties of the 
diurnal risings, gettiiigs, and motions of the stars. In 
another work, Iltp! 'ETriroXiui' xal Aiiacaiv, ' " ~" ' 
and Settinga,'*^ tacitly a.'rauming the sun's motion i; 
circle to be unifomi, he proves certain propositions, 
with regard to those risings and settings of the stars, 
"which take place at the same time when the sun rises 
and sets,^ or vise versd;*^ and also their apparent 
risings and settings when they ceaae to be visihle after 
BUD-set, or begin to be viaihie after sun-rbe.*" Several 
of the propositions contained in the former of these 
treatises are still necessary to bo understood, as funda- 
metital parts of a.strauoniy. 

The work of Euclid, just mentioned, is of the same 
kind. Delambre*' finds in it evidence that Euclid was 
merely a book-astronomer, who had never observed the 
heavens. 

We may here remark the first instance of that 
which we shall find abundantly illustrated in every 
part of the history of science ; that man is prone to 
become a deductive reasoner; — that as soon as he 
obtains principles which can be traced to details by 
logical consequence, he sets about forming a body of 
BCience, by making a system of such reasonings, Geo- 
metiy has always been a favourite mode of exercising 
this propensity : and that science, along with Tiigono- 
metiy, Plane and Spherical, to which the early pro- 
blems of astronomy gave rise, have, up to the present 
day, been a constant field for the exercise of mathe- 
matical ingenuity; a few simple astronomical truths 
being assumed as the basis of the reasoning. 

Seel. g.—The Globular Form of t/is Eweth. 

The establishment of the globular form of the earth is 
an important step in astronomy, for it is the first of 
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those convictions, directly opposed to the apparent 
evidence of the senses, which astronomy irresistibly 
proves. To mate men believe tliat ttp and down are 
different directions in different places; that the sea, 
■which seems so level, is, in fact, convex; that tha 
earth, which appears to rest on a solid foundation, 
is, in. fact, not supported at all; are great triumpha 
both of the power of discovering and the power 
of convincing. We may readily allow this, when ' 
■we recollect how recently the doctrine of the anti' 
podes, or the existence of inhabitants of the earth, 
who stand on the opposite aide of it, with their feet 
turned towards onrs, was considered botli monstroua 
and heretical. 

Yet the different positions of the horizon at different , 
places,reees3arily led the student of spherical astronomy 
■toward this notion, of the earth as a round body, Anasi- 
mander** is said by some to have held the earth to bo 
globular, and to be detached or suspended; he is also 
stated to have constructed a sphere, on which wer« 
shown the extent of land and water. As, however, we 
do not know the arguments upon which he maintained 
the earth's globular form, we cannot judge of the value 
of his opinion ; it may have been no better founded 
than a different opinion ascribed to him by Laertius, 
that the earth had the shape of a pillar. Probably, the 
authoi's of the doctrine of the globular form of the 
earth were led to it, as we have said, by observing the 
different height of the pole at different places. They 
wotdd find that the space which they passed over from 
north to south on the earth, was proportional to the 
change of place of the horizon in the celestial sphere; 
and as the horizon is, at every place, in the direction 
of the earth's apparently level surface, this observation 
would naturally surest to them the opinion that tha 
earth is placed within the celestial sphere, as a small 
globe in the middle of a much larger one. 

We find this doctrine so distinctly insisted on by 
Arbtotle, that we may almost look on him ai 

*» See Bnicbot, Hist. PMl,-i<,\.\.^).i,'46. 
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blisher of it*' ' As to the figure of the earth, it must 
necessarily be spherical' TtuB he proves, S.nt hj the 
tendency of things, in all places, downwards. He 
then adda,^" ' And, moreover, from the phenomena 
HCCordiag to the acnse ; for if it were not so, the 
eclipses of the moon would not have snch sections as 
they have. For in the configurations in the course of 
a month, the deficient part takes all different shapes ; 
it is straight, and. concave, and convex ; but in eclipses 
it always has the line of division convex; wherefore, 
since the moon is eclipsed iu consequence of the inter- 
position of the earth, the periphery of the earth must 
be the cause of tiiis by having a spherical form. And 
again, &om the appearances of the stars, it is clear, not 
only thut the eaith is round, but that its size is not 
Tery large; for when we make a small removal to the 
south or the north, the circle of the horizon becomes 
palpably different, so that the stars ovei'head undergo 
a great change, and are not the same to those that 
travel to the north and to the south. For some stara 
are seen in Egypt or at Cyprus, but are not seen in the 
countries to the north of these j and the stars thiit in 
the north are visible while they make a complete 
circuit, there undergo a setting. So that from this it 
is manifest, not only that the form of the earth is 
round, but also that it is a part of not a very large 
sphere : for otherwise the difference would not be so 
obvious to persons making so small a change of place. 
Wherefore we may judge that those persona v>ho con- 
neat the region in tite neigJihouThood of the pillars of 
MeresuU* vnth that towartU Ijidia, and wko atseii, that 
in thit vtay ihe sea is one, do not assert things very 
improbable. They confirm this conjecture moreover 
by the elephants, which are said to be of the same 
species {yivot) towards each extreme ; as if this cir- 
cumstftooe was a consequence of the conjunction of the 
extremes. The mathematicians, who try to caloulate 
of the circumference, make it amount to 
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ioo stadia; whence we collect that the earth is 
not only spherical, but is not lai^ compared with the 
magnitude of the other stars.' 

When thb notion was onci 
fend»sl and confirmed by such arguments as we find ii 
later writers : for instance,^' that the tendency of all 
things was to fall to the place of heavy bodies, and - 
that this place being the center of the CMih, the whole 
earth had no such tendency ; that the inequalities on 
the surface were so small as not materially to afiecb 
. the shape of so vast a mass; that drops of water 
naturally form themselves into figures with a convex 
sur&ce; that the end of the ocean would tail if it 
were not rounded off; that we see ships, when they go 
out to sea, disappearing downwards, which shows the 
aurfiice to be convex: These are the argumeuta still 
employed in impressing the doctrines of astronomy 
upon the student of our own days; and thus we find 
that, even at the early period of which we are now 
speaking, truths had begun to accmnulate which form 
a part, of our present treasures. 

Seel to.— The Phases of the Momi. 

When men had formed a steady notion of the Moon 
as a solid body, revolving about the earth, they had 
only further to conceive it spherical, and to suppose 
the sun to be beyond the region of the moon, and they 
would find that they had obtained an explanation of 
the varying forms which the bright part of the moon 
assumes in the course of a month. For the convex 
side of the ci'escent-moon, and her full edge when she 
ia gibbons, are always turned towards the sun. And 
this explanation, once suggested, would be confirmed, 
the more it was examined. For instance, if there be 
near us a spherical stone, on which the sun is shining, 
and if we place ourselves so that this stone and the 
moon are seen in the same direction, (the moon appear- 
ing just over the top of the stone,) we shall find that 
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the yisible part of the stono, wliich ib then illuminated 
by the null, is exactly Hiiniltir in form to the moou, at 
whatever period of her clianges she may be. The 
stoae and the moon b^ing in the same position with 
respect to u3, and both being enlightened by the sun, 
the bright parts are the same in figure; the only dif- 
ference is, that tbe dark part of the moon ia usually 
not visible at all. 

This doctrine is aacrihed to Anaximander. Ari- 
stotle was fully aware of it.*^ It could not well eacapn 
the Ohaldeans and Egyptians, if they speculated at all 
about the causes of the appearanceij in the hesTeDS. 

SkI. II. — Helipaeg. 

Eclipses of the snn and moon were from the earliest 
times regarded with a peculiar interest The notions 
of superhuman influences and relations, which, as we 
have seen, were associated with the luminaries of the 
sky, made men look with alarm at any sudden and 
atrikiiig change in those objects; and as the consent 
and steady course of the celestial revolutions was con- 
templated with a feeling of admiration and awe, any 
marked interruption and deviation in this course, waa 
regarded with surprise and toiTor. This appears to be 
the uase with all nations at an early stage of their 
civilization. 

This impression would cause Eclipses to be noted 
and remembered; and accordingly we find that the 
records of Eclipses are the earliest astronomical infor- 
mation which we possess. When men had discovered 

r the laws of succession of other astronomical 
phenomena, for instance, of the usual appearances of 

on and sun, it might then occur ti them tiiat 
theae unusual appearances also might probably he 
fovemed by some rule. 

The search after this rule was suceesaful at an early 
period. The Chaldeans were able to predict Eclipses 
of the Moon. This they did, probably, by means of 

Ji Probl. Cap. sv. Art. ^. 
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their Cyale of 223 montlia, or about 18 years; for at 
the end of this time, the eclipses of the moon begin to 
return, at the same intervals and in the same order as 
at the beginoiag.^^ Frohably this was the iirat ia- 
stance of the prediction of peculiar astrouomical pho- 
noiaena. The Chinese have, indeed, a legend, m vhich 
it is related that a solar eclipse happened in the reign 
of Tchongkang, above zooo years before Christ, and 
that the emperor waa ao much ii-ritated agaiost two 
great ofBcei-s of state, who had neglected to predict 
this eclipse, tliat he put them to death. But this can- 
not he accepted as a real event : for, during the next 
ten centuries, we find no single observation or /act 
connected with astronomy in the Chinese histories ; 
and their aatronomy baa never advanced beyond a very 
rude and imperfect condition. 

We can only conjecture the mode in which the 
Chaldeans discovered their Period of iSyeara; and we 
may make very different auppositiona with regard to 
the degree of science by which they were led to it, 
We may suppose, with Delambre,^ that they carefully 
recorded the eclipes which happened, and then, by 
the inspection of their registers, iliscovered that those 
of the moon recurred after a certain period. Or we 
may suppose, with other authors, that they sedulously 
determined the motions of the moon, and having ob- 
tained these with considerable accuracy, sought and 
found a period which should include cycles of these 
motions. This latter mode of proceeding would imply 
a considerable degree of knowledga 

It appears probable rather that such a period was 
discovered by noticing the recurrence of eclipses, than 
by studying the moon's motiam. After 6585^ days, 
or 223 lunations, the same eclipses nearly will recur. 
It is not contested that the Chaldeans were acquainted 
with this period, which they called Saros; or that they 
calculated eclipses by means of it. 
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Sect. 12. — Sequel to (he Sarhj Stages of Aatroiiomy. 

EvisT stage of science has its train of practical appli- 
cationa and aystematia infereuces, arising both from tbe 
demaada of conveuience and curiosity, and from the 
pleasure which, as we have ali-eadj said, ingenious and 
active-minded men feel in exercising the process of 
deduction. The earliest condition of astronomy, in 
which it can he looked upon as a science, exhibits 
severst examples of such applications and inferences, 
of which we may mention a few. 

Prediction of Eclipses. — Tlie Cycles which served to 
keep in order the Calendar of the early nations of anti- 
quity, in Boine instances enabled them also, as has just 
been stated, to predict Eclipses ; and, this application 
of knowledge uecesaarily excited great notice. Cleo- 
medea, in the time of Augustus, says, 'we never see &n 
eclipse happen which has not been predicted by those 
who make use of the Tables,' {uwo toiv i:avovti:ijv.) 

Terrentrial. Zones. — The globular form of the earth 
being assented to, the doctrine of the sphere was 
applied to the earth as well as the heavens j and the 
earth's surface was divided by various imaginary circles; 
among the rest, the equator, the tropics, and circles, at 
the same distance from the poles as the tropica are 
from the equator. One of the cui'ious consequences of 
this division was the assumption that there must be 
some marked difference in the stripes or zones into 
which the earth's surfiuie was thus divided. In going 
to the south, Euroi)ean9 found countries hotter and 
h-Otter, in going to the north, colder and colder ; and 
it was supposed that the space between the tropical 
circles must be uninhabitable from heat, and that 
within the polar circles, again, uninhabitable from 
cold. This fancy was, as we now know, entirely un- 
ibunded. But the principle of the globular form of 
the earth, when dealt with by means of spherical geo- 
metry, led to many tnie and important propositions 
concerning the lengths of days and nights at difiercnt 
places. These propositions still form ti poit ^i wa 
'Elemeotarj- AHtronomy. 
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Gnomonick. — Another important result 
doctrine of the sphere waa (hwmonick or Dialling. 
Anaximenes is said by Flinv to have first taught this 
art in Greece ; and both he and Anaximander i 
reported to have erected the first dial at JLacedemon. 
Mnny of the aacient dink remain to us ; some of these 
are of eomples forms, and must have required great 
ingenuity and considerable geometrical knowledge in 
their constmction. 

Meature of the Sun's Distance. — The explanation of 
the pha»ea of the moon led to no result so remarkable 
as the attempt of Aristarchus of Samos to obtain from 
this doctrine a measure of the Distance of the Sun as 
compared with that of the Moon. If the moon was a 
perfectly smooth sphere, when she was exactly midway 
hetween the new and foil in position (that is a qua- 
drant fi^m the sun), she would be somewhat more than 
a half moon ; and the place when she was dicholotniaed, 
that is, was an exact semicircle, the bright part being 
bounded by a straight line, would depend upon the 
Buu'a distance from the earth. Aristarchus endeavoured 
to fix the exact place of this Dichotomy ; but the irre- 
gularity of the edge which bounds the bright part of 
the moon, and the difficulty of measuring with accu- 
racy, by means then in use, either the precise time 
when the boundary was most nearly a straight line, or 
the exact distance of the moon fi'om the sun at that 
time, rendered his conclusion false and valueless. He 
collected that the sun is at 1 8 times the distance of the 
moon from us; we now know that he is at 400 times 
the moon's distance. 

It would be easy to dwell longer on subjects of this 
kind; but we have already perhaps entered too much 
in detail. We have been tempted to do this by the 
interest which the mathematical spirit of the Greeks 
gave to the earliest astronomical discoveries, when 
these were the subjects of their reasonings : but we 
must now proceed to contemplate them engaged in a 
worthier employment, namely, in adding to these 
discoveriea. 



CHAPTER IL 

Preltoe to the Inductive Epoch of Hippakchus, 

WITHOUT pretendiog that we have exhanated tLe 
consequenceii of tbe etementary discoveries whicli 
ve havo enumerated, we now proceed to conHider the 
nature and circumatancea of the next great discovery 
which inflkea an Epoch in the history of Aatrononiy ; 
and this we aliall find to be the Theory of Epieyclea 
and EccentricB. Before, however, we relate the esta- 
blishment of this theoiy, we muEt, according to the 
'general plan we have marked out, notice some of the 
conjectures and attempts by which it was preceded, 
and the growing acquaintance with facts, which made 
the want of such an explanation felt. 

In the steps previously made in astronomical know- 
ledge, no ingenuity had been required, to devise tbe 
view which was adopted. The motions of the stars 
and sun were most naturally and almost irresistibly 
conceived as the results of motion in a levolving 
sphere; the indications of position which we obtain 
from diSei'ent places on tJie earth's surface, when 
clearly combined, obviously imply a globular shape. 
In these cases, the first conjectures, the supposition of 
the simplest form, of the moat uniform motion, re- 
quired DO after-correction.- But this manifest sim- 
plicity, this easy and obvious explanation, did not 
apply to the movement of all the heavenly bodies. 
The Planets, the ' wandering stars,' could not be so 
easily miderstood; tbe motion of each, as Cicero says, 
' undergoing veiy remarkable changes in its course, 
going before and behind, quicker and slower, appear- 
ing in the evening, but gradually lost there, and 
emerging again in the morning.'' A continued atten- 
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tion to these stars would, however, detect a. kind ot 
intricate regularity in their niotiona, which might 
naturally be described aa ' a dance.' The Chaldeum 
are stated by Diodonis^ to have observed asaiduoiisly 
the risLDge and settings of the planets, from the top of 
the temple of Belus, By doing this, they would find 
the times in which the forwai'ds and backwards move- 
ments of Saturn, Jupiter, and Mars recur ; and also 
the time in which they come round to tlie same part 
of the heavens.^ Venus and Mercury never recede far 
from the sun, and the intervals which elapse while 
either of them leaves its greatest distance from the 
Bun and returns again to the greatest distance on the 
Bame side, would easily be observed. 

Probably the manner in which the motions of the 
planets were originally reduced to rule was somethinj; 
like the following; — In about 30 of our years, Saturn 
goes 29 times through his Artomaly, that is, the suc- 
cession of varied motions by which he sometimes goes 
forwards and sometimes backwards among the stars. 
During this time, he goes once round the heavena, and 
returns nearly to the same place. This is the cycle 
of his apparent motions. 

Perhaps the eastern nations contented themselves 
with thus referring these motions to cycles of time, so 
as to determine their recurrence. Something of this 
kind was done at an early period, aa we have seen. 

But the Greeks soon attempted to frame to them- 
selves a sensible image of the mechanism by which 
these complex motions were produced; nor did they 
find this difficult. Venus, for instance, who, upon the 
whole, moves from west to east among the stars, is 
seen, at certain intervals, to return or move retrograde 
a short way hack from east to west, then to become 
for a short time 3iaiioTui.ry, then to turn again and 
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1 resume her direct motion westward, and so on. Now 
tliis can be explained by Euppoaiug that she ia placed 
in the rim of a wheel, which ia turned edgeways to us, 
Slid of which the center turns round in the heavens 



■way the motion of the wheel about its center, would, 
I in some situations, counterbalance the general motion 
I of the center, and make the planet retrograde, while, 
on the whole, the westerly motion would prevail. Juat 
, aa if we suppose that a person, holding a lamp in hia 
hand in the dark, and at a distance, so that the lump 
alone is visible, should run on turning himself round; 
we should see the light aometimea stationary, some- 
times retrograde, but on the whole progressive. 

A mechaniam of this kind was imagined for each of 
the planets, and the wheels of which we have spoken 
■were io the end called Epicycles. 

The application of such mechanism to the planet? 

ftppeara to have arisen in Greece about the time of 

Aristotle. In the works of Plato we find a strong 

taste for this kind of mechanical speculation. In the 

tenth book of the ' Polity,' we have the apologue of 

Alcinua the Pamphylian, who, being supposed to be 

killed in battle, revived when he was placed on the 

funeral pyre, and related what he had. seen during his 

trance. Among other revelations, he beheld the 

machinery by which all the celestial bodies revolve. 

The axis of these revolutions is the adamantine distaff 

, "which Destiny holds between her knees; on this are 

'; fixed, by means of different sockets, flat rings, by 

., which the planets are cariied. The order and magni- 

' tude of these spindles are minutely detailed. Also, in 

I the 'Epilogue to the Laws' [Epinomie), he again 

J describes the various movementH of the aky, so as to 

J show a distinct acquaintance with the general character 

' of the planetary motions: and, after speaking of the 

. Egyptians and Syrians as the onginal cultivators of such 

I knowledge, he adds some very remarkable exhortations 

; ■to hia countrymen to prosecute the subject. ' What- 

, ever we Greeks,' he says, ' receive from the barbarians, 
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■we improve and perfect; there ia good hope and pro- 
mise, therefore, tliat Greeks will carry this knowledge 
fer heyond that which was introduced from abrodd.' 
To this task, however, he looks with a, due appre- 
ciation of the qua,lities and preparation which it 
requires. ' An astronomer must be,' he says, ' the 
wisest of men; his mind must be duly disciplined in. 
youth; especially is mathematical study neceasary; 
both an acquaintance with the doctrine of number, and 
also with that other branch of mathematics, which, 
closely connected as it is with the science of the 
heavMia, we very abaurJly call geometry, the measure- 
ment of the earth.'* 

These anticipatioua were very remarkably verified in 
the subsequent career of the Greek Astronomy. 

The theory, once suggested, probably made rapid 
progress. Simplioius^ relates, tbatEudoxus of CniduB 
introduced the hypothesis of revolving circles or spheres. 
Calippus of Cyzicus, having visited Polemarchna, an 
intimate friend of Eudoxus, they went together to 
Athens, and communicated to Ai-istotle the invention 
of Eudoxus, and with hia help improved and cor- 
rected it. 

Probably at first this hypothesis was applied only to 
account for the genera! phenomena of the progressions, 
retrogradations, and stations of the planet; but it was 
soon found that the motions of the sun and moon, and 
the circular motions of the planets, which the hypo-' 
thesis supposed, had other anomalies or irregularities, 
which made a further extension of the hypothesis 
necessaiy. 

The defect of uniformity in these motions of the sua 
and moon, though less apparent than in the planets, is 
eaaily detected, as soon as men endeavour to obtain 
any accuracy in their observations. We have already 
stated (Chap, i.) that the Chaldeans were in possession 
of a period of about i8 years, which they used in the 
calculation of eclipses, and which might have been dis- 
covered by close observation of the moon's motions; 

4 Epimmia, pp. gSB, 9<)d. > Lib, ti.ieCmlo. Bullialdiui, p. iS. 
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aJthougti it was probably rather hit upon by noting 
the recurrence of eclipses. The moon moves in a 
manner which ia not reducible to regularity without 
considerahle care and time. If we trace her path 
among the stars, we find that, like the path of the sun, 
it ia oLIiqne to the equator, but it does not, like that 
of the Buu, pass oyer the saiae stars in successiye reTO* 
lutious. Thus its latitude, or distance from the 
equator, baa a cycle different from its revolution 
among the atara; and its Nodes, or the points where it 
cntu the equator, are per^wtually changing their posi- 
tion. In addition to this, the moon's motion in her 
own path is not uniform; in the course of each luna- 
tion, she moves alternately slower and quicker, passing 
gradually through the intermediate degrees of velocity; 
and goes through the cycle of these changes in some- 
thing less than a month: this is called a revolution of 
Aiuytnaly. When the moon has gone through a com- 
plete number of revolutions of Anomaly, and has, in 
the some time, returned to the same position with 
regard to the Sun, and also with regard to her Nodes, 
her motions with respect to the sun will thenceforth be 
the same as at the drst, and all the circumstances on 
which lunar eclipses depend being the same, the eclipses 
will occur in the same order. In 6585^ days there are 
239 revolutions of anomaly, 241 revolutions witJi re- 
gard to one of the nodes, and, as we have Bald, 223 
lunations or revolutions with regard to the sun. Hence 
this Period will bring about a succession of the same 
lunar eclipses. 

If the Chaldeans observed the moon's motion among 
the stars with any considerable accuracy, so as to detect 
this period by that means, they could hardly avoid dis- 
covering the anomaly or unequal motion of the moon; 
for in every revolution, her daily progression in the 
heavens varies from about 22 to 26 times her own 
di&roeter. But there is not, in their knowledge of this 
Period, any evidence that they had measured the 
amount of this variation ; and Delambre" is probably 
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right ill attriLiiting all suet obaervatioos to the 
Greeka. 

The suu'b motion would also bo fleen to be irregular 1 
aa soon as men had taiy exact mode of determiuuig tho ' 
lengths of the four seasuna, by means of the passage of 
the sun through the equinoctial and solstitial points. . 
For spring, summer, autumn, and winter, which would 
each consist of an equal number of days if the motions 
were uniform, are, in &ct, found to be unequal in 
length. 

It was not very difficult to see that the meohaniam , 
of epicycles might be applied so as to explain irrt^. , 
laritiea of this kind. A wheel travelling round the 
earth, whUe it revolved upon its center, might produoft 
the effect of making the sun or moon fixed in its rin 
go sometimes faster and sometimes slower in appear- ' 
ance, just in the same way as the same suppoaitiona 
would account for a planet going sometimes forwards 
and sometimes backwards : the epicycles of the sun 
and moon would, for this purpose, be less than those of 
the planets, Accordingly, it is probable that, at the 
time of Plato and Aristotle, philosophers were already 
endeavouring to apply the hypothesis to these cases, I 
though it does not appear tliat any one fully succeeded 
before Hipparchus. J 

The problem which was thus present to the minds of 
astronomers, and which Plato is said to have proposed 
to them in a distinct form, was, ' To reconcile the 
celestial phenomena by the combiuatiou of equable cir- 
cular motions.' That the circular motions should bo 
equable as well as circular, was a condition, which, if it 
had been merely tried at £rst, as the most simple and 
definite conjecture, would have deserved praise. But this 
condition, which is, in reality, inconsistent with nature, 
was, in the sequel, adhered to with a pertinacity which 
introduced endless complexity into the system. The 
history of this assumption is one of the most marked 
instances of that love of simplicity and symmetry, 
which is the source of all general tniths, though it so 
often produces and perpetuates errour. At present we 
can easily see how faaicifuUy the notion of simplicity 
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aud perfection was tnterpreteJ, in the arguments by 
wKich the opinion was defeuded, that the real iiiotions 
of the heavenly bodies must be circular and uniform. 
The Pythagoreans, as well as the Platoiiiats, main- 
tained this dogma. Acoordiag to Geniinua, ' They 
supposed the motions of the sun, aud the moon, and 
the fire planets, to be circular and equable : for they 
would uot allow of such disorder among divine and 
eternal things, as that they should sometimes move 
quicker, and sometimes slower, and sometimea stand 
still J for no one would tolei-ate such anomaly in the 
movements, even of a man, who was decent and orderly. 
The occasions of life, however, are often reasons for 
men going quicker or slower, but in the incorruptible 
nature of the stai-a, it is not possible that any cause 
can be alleged of quickness and slowneas. Where- 
npon they propounded this question, how the pheno- 
mena might be represented by equable aud circular 
motions.' 

These conjectures and assumptions led naturally to 
the establishment of the various parts of the Theory of 
Epicycles. It is probable that this theory was adopted 
with respect to the Planets at or before the time of 
Plato. A.nd Aristotle gives us an account of the 
system thus devised.' 'Eudojcus,' he says, 'attrihut-ed 
four spheres to each Planet: the first revolved with 
the fixed stars (and this produced the diurnal motion) ; 
the second gave the planet a motion along the ecliptio 
(the mean motion in longitude); the third had its axis 
perftendicular* to the ecliptic (and this gave the 
inequality of each planetary motion, really arising 
from its special motion about the sun); the fourth pro- 
duced the oblique motiou transverse to this (the motion 
in latitude).' He is also said to have attributed a 
motion in latitude and a corresponding sphere to the 
&\in aa well as to the Moon, of which it is difficult to 
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nnderetatid the meaning, If ^riatotlo has reporteil 
rightly of the theory ; for it would be absurd to ascribe 
to Eudoxna a kuowledge of the motious bj which the 
sun deviates from the ecliptic. Calippua coiiceivsd 
thftt two additional Hpheres must be given to the sua 
and to the moon, in order to explain tbe phenomena; 
probably he was aware of the inequalities of the motions 
of these luminaries. He also proposed an additional 
sphere for each planet, to account, we may suppose, for 
the res\ilts of the eccentricity of the orbits. 

The hypothesis, in this form, does not appear to have 
been reduced to measure, and was, moreover, uaueces- 
sarily complex. The resolution of the oblique inotion 
of the moon into two separate motions, by Eudoxus, 
was not the simplest way of conceiving it; and Calippus 
imagined the connexion of these spheres in some way 
which made it necessary nearly to double their number; 
in this manner his system had no less than 55 aplieres. 

Such was the progress which the Id«a of the hypo- 
thesis of epicycles had made in men's minds, previously 
to the establishment of the theory by Hipparehua. 
There had also been a preparation for this st«p, on the 
other aide, by the collection of Facta. We know that 
observations of the Eclipses of the Moon were made by 
the Chaldeans 367 B.C. at Babylon, and were known to 
the Greeks; for Hipparchus and Ptolemy founded 
their Theory of the Moon on these observations. Per- 
haps we cannot consider, as equally certain, the story 
that, at the time of Alexander's conquest, the Chal- 
deans possessed a series of observations, which went 
back 1903 yeoi's, and which Aristotle caused Calli- 
I athenes to bring to him in Greece. All the Greek 
I observations which are of any value, begin with the 
I school of Alexandria. Aristyllus and Tiraocharis ap- 
pear, by the citations of Hippartjius, to have observed 
the Places of Btai-a and Planets, and the Times of the 
Solstices, at various periods from B.C. ^95 to rc. 269. 
I Without their observations, indeed, it would not have 
I been easy for Hipparchus to establirfi either the Theory 
I W the Sun or the Precession of the Equinoxes. 

In order that observations at distant intervals may 
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be compared with each other, they must be referred to 
some common era. The Chaldeans dated by the era of 
Kabonassar, which commenced 749 B.c. The Greek 
observations were referred to the Calippic peiiods of 
76 years, of which the first began 331 b.c. These are 
the dates used by Hipparchus and Ptolemy. 
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CHAPTER III. 

Inductive Epoch of Hipparchus. 



ALTHOUGH, aa we have already aeen, at the time 
of Plato, the Idea of Epicycles had been suggested, 
aud the prohlem of its genei-al application proposed, 
and solutions of thia problem offered by hia followers; 
■we still conaider Hipparchus as the real discoverer and 
fouuilerof that theory; inasmuch as he not only guessed 
that it might, but showed that it inust, account for the 
phenomena, both && to their nature and ek to their 
quantity. The assertion that ' Le only discovers who 
proves,' is just; not only because, untO a theory ia 
proved to be the true one, it haa no pre-eminence over 
the numerous other guesses among which it cirowlatea, 
and above which the proof alone elevates it; but also 
because he who takes hold of the theory so as to apply 
calculation to it, possesses it with a distinctness of con- 
ception which makes it peculiarly hia. 

In order to establish the Theory of Epicycles, it was 
necessary to assign the magnitudes, diataiicea, and posi- 
tions of the circles or spheres in which the heavenly 
bodies were moved, in such a manner as to account for 
their apparently irregular motions. We may best 
underatand what was the problem to be solved, by 
calling to mind what wo now know to be the red 
motions of the heavens. The true motion of the earth 
round the Bun, and therefore the apparent annual 
motion of the sun, is performed, not in a circle of 
which the earth ia the center, but in an ellipse or oval, 
the earth being nearer to one end than to the other; 
and the motion is most rapid when the sun is at the 
nearer end of thia oval. But instead of an oval, we 
may suppose the sun to move uniformly in a circle, 
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the eartli being dot, not in tlie center, but nearer to I 

one aide; for on this supposition, the sun will appear I 

to move most quickly when he is nearest to the earth, 1 
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perigee, as that point is called. Such an orbit 
is cftlled an Eccentric, and the distance of the earth 
from the center of the circle is called the Ecceatricity. 
It may easily b<! shown by geometrical reasoning, that 
the inequality of apparent motion so produced, is 
exactly the same in detail, aa the inequality which 
follows from the hypothesis of a small Epicycle, turn- 
ing uniformly on its axis, and carrying the sun in its 
circumference, while the center of this epicycle moves 
uniformly in a circle of which the earth is the center. 
This identity of the results of the hypothesis of the 
Eccentric and the Epicycle is proved by Ptolemy in 
the third book of the ' Almagest.' 

Tlie Sunt Ecoailrie. — When Hipparchus had clearly 
conceived these hypotheses, as pog^hle ways of aocouut- 
ing for the sun's motion, the task which he had to 
perform, in order to show that they deserved to be 
adopted, was to assign a place to the Perigee, & magni- 
tude to the Eccentricity, and an Epoch at which the 
Ban was at the perigee; and to show that, in this way, 
he had produced a tme representation of the motions 
of the sua. This, acnoi'dingly, he did ; and having thus 
determined, with considerable exactness, both the law 
of the solar irregularities, and the numbers on which 
their amount depends, he was able to assign the motions 
and places of the sun for any moment of future time 
witit corresponding exactness ; he was able, in short, to 
construct Solar TaUes, by means of which the sun's 
place with respect to the stars could be correctly found 
at any time. These tables (as they are given by 
Ptolemy)* give the Aiwmaly, or inequality of the 
sun's motion; and this they exhibit by means of the 
ProaihaphereaU, the quantity of wliich, at any distance 
of the sun from the Apogee, it is requisite to add to or 
subtract from the arc, which he would have described 
if his motion had been equable. 
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The render might perhapa expect tliat tho calcula^ 
tiona which thiia exhibited the motions of the sun for 
au indefinite future period mtiat depend upon a con- 
siderable namber of observations made at all Beaaons 
of tho year. That, however, was not the casej and 
the genius of the discoverer appeared, as such genius 
usually does appear, in his perceiving how small a 
number of facts, rightly conaidered, were sufficient to 
form a foundation for the theory. The number of 
days contained in two Beaaona of the year sufficed for 
this j)ur])Ose to Hiiiparohus. ' Having aacertained,' 
says Ptolemy, 'that the time from the vrrnal equinox 
to the aummer tropic is 94^ days, and the time from 
the summer tropic to the autumnal efjuinox 92^ days, 
from these phenomena alone he demonstrates that the 
straight line joining the centre of the sun's eccentric 
path with the centre of the zodiac (the Bpectator'a eye) 
is nearly the 24th part of the radius of the eccentric 
path ; and that its apogee precedes the aummer solstice 
by 24 j degrees nearly, the zodiac containing 360.' 

The exactness of the Solar Tables, or Canon, which 
was founded on these data, was manifested, not only 
hy the coincidence of the sun's calculated place witif 
such observations as the Greek astronomera of this 
period were able to make, (which were indeed very 
rude,) but by its enabling them to calculate solar and 
lunar eclipses; phenomena which are a very precise 
and aevere trial of the accuracy of such tables, inas- 
much as a very minute change in the apparent place 
of the atin or moon would completely alter the obvious 
featurea of the eclipse. Though the tables of this 
]>eriod were hy no means perfect, they bore witii tole- 
rable credit this trying and perpetually-recurring test ; 
and thus proved the aoundueas of tho theory on which 
the tables were calculated. 

The Moon't Eccentric. — The moon's motions have 
many ii-regularitiea; but when the hypothesis of an 
Eccentric or an Epicycle had sufficed in the case ofthe 
sun, it was natural to try to explain, in the same way, 
the motions of the moon; and it was shown by Hip- 
parchus that such hypotheses would account for the 
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re obvioiia anomalies. It is not very easy to de- 
scribe the several ways in which these hypotheses 
were applied, for it ia, in truth, very difficult to explain 
in woi^ even the mere fuctH of the moon's motion. 
If she were to leave a. visible bright line behind her 
in the heavens wherever she moved, the path thus 
exhibited would be of an extremely complex nature; 
the circle of each revolution slipping away from the 
preceding, and the traces of anccesaive revolutions 
forming a sort of band of net-work running i^ound 
the middle of the sky.^ In each revolution, the motion 
in longitude is afiected by an anomaly of the same 
nature as the sun's anomaly already spoken of; but 
besides this, the path of the moon deviates from the 
ecliptic to the north and to the south of the ecliptic, 
and thns she haa a motion in latitude. This motion 
in latitude would be sufficiently known if we knew 
the period of its restoration, that is, the time which 
the moon occupies in moving from any latitude till she 
is restoi'ed to the same latitude ; as, for instance, from 
the ecliptic on one side of the heavens to the ecliptic 
ou the same side of the heavens agauL But it is found 
that the period of the restoration of the latitude is not 
the same as the period of the restoration of the longi- 
tude, that is, as the period of the moon's revolution 
among the stars; and thus the moon describes a dit- 
ferent path among the stars in every successive revo- 
lution, and her path, as well as her velocity, is 
constantly variable. 

Hipparahus, however, reduced the motions of the 
moon to rule and to Tables, as he did those of the 
sun, and in the same manner. He determined, with 
much greater aceiu-acy than any preceding astronomer, 
the mean or average equable niotiona of the moon in 
longitude aud in latitude; and he then represented 
the anomaly of the motion in longitude by means of 
an eccentric, in the same manner as he had done for 
the Bun. 
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But here there occiured rtill an additional obange, 
besides tliose of which we have spoken. The Apogee 
of the Sun was always iu thesame place in the heaTenB; 
or at least so nearly bo, that Ptolemy could detect no 
error in the place assigned to it by Hipparchua 250 
years before. But the Apogee of the Moon was found 
to have a motion among the stars. It had been ob- 
served before the time of Hipparchua, that in 6585^ 
days, there are 24 1 revolutions of the moon with 
regard to the stars, but only 239 revolutions with 
regard to the anomaly. This difference could be suit- 
ably represented by supposing the eccentric, in which 
the moon moves, to have itself an angular motion, 
perpetually carrying its apogee in the same direction 
in which the moon travels; but this supposition being 
made, it was necessary to determine, not only the 
eccentricity of the orbit, and place of the apogee at a 
certain time, but also the rate of motion of the apogee 
iteelf, in order to form tables of the mnon. 

This task, as we have said, Hipparchus executed , 
and in this instance, as in the problem of the redaction 
of the sun's motion to tables, the data which he found 
it necessary to employ were very few. He deduced 
all his conclusions from six eclipses of the moon,* 
Three of these, the records of which were hroughb from 
Babylon, where a register of such oecuirences was 
kept, happened in the 366th and 367th years from 
the era of Nahonassar, and enabled Hipparchus to 
determine the eccentricity and apogee of the moon's 
orbit at that time. The three others were observed 
at Alexandria, in the 547th year of Nabonassar, wliich 
gave him another jiOBition of the orbit at an interval 
of 180 years; and he thus became acquainted with the 
motion of the orbit itself, as well as its form.* 

The moon's motions are really affected by several 
other inequalities, of very eonaiderahle amount, besides 
those which were thus considered by Hipparchus j 
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but tbe liinar paths, coustructed or the above data., 
possessed a considerable degree of correctnesa, and 
Mpecittlly when applied, aa they were principally, to 
the calculation of eclipses; for the greatest of the 
additional irregularities which we have mentioned dis- 
appear at new and full moon, which are the only 
times when eclipses take place. 

The numerical explanation of the motions of the sua 
and moon, by means of the Hypothesis of Eccentrics, 
and the consequent construction of Tables, was one of 
the great achievements of Hipparchua. The general 
explanation of the motions of the planets, by means of 
the hypothesis of epicycles, was in circulation pre- 
viously, as we have seen. But the special motions of 
the planets, in tbeir epicycles, are, in reality, affected 
by anomalies of the same kind as those which render it 
necessary to introduce eccentrics in the cases of the 
eun and moon. 

HipparchuB determined, with great esactneas, the 
Jfeaji Motiona of the Planets; but he Wiis not able, 
from want of data, to explain the planetary IrregU' 
lariliea by means of Eccentrics. The whole mass of 
good observations of the planet« which he received 
&om preceding ages, did not contain so many, says 
Ptcleiny, as those which he has transmitted to us of 
hia own. 'Hence' it was,' he adds, 'that while he 
laboured, in the most assiduous manner, to represent 
the motions of the sun and moon by means of equable 
cironlAr motions ; with respect to the planets, Bo far as 
hia works show, he did not even make the attempt, 
but merely put the extant observations in order, added 
to them himself more than the whole of what he 
received from preceding ages, and showed the inauffi- 
ciency of the hypotbeais current among astronomers to 
explain the phenomena.' It appears, that preceding 
mathematicians had already pretended to construct 
'a Perpetual Canon,' that is, Tables which should 
give the places of the planets at any future time; 
but these, being constructed without regard to the 

' Si/nt. ii, J. 
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eccentricity of the orbitSj must have been very 
neoiis. 

Ptolemy declares, with great reason, that Hip- 
paivhua showed his usual love of truth, and hia right 
Beose of the responsibility of bis task, in leaving thii 
part of it to future ages. The Theories of the Sun 
and Moon, which we have already described, conatitnte 
him a, great astronomical discoverer, and justify the 
reputation he has always possessed. There is, indeed, 
no philosopher who is so uuiforinly spoken of in tenos 
of admiration. Ptolemy, to whom we owe our prin- 
cipal knowledge of him, perpetually couples with his 
name epithets of praise : he is not only an excellent 
and careful observer, but 'a* most trutb-loving and 
labour-loving person,' one who had shown extraordinary 
sagacity and remarkable desire of truth in every part 
of Kcienoe. Pliny, after mentioning him and Thalea, 
breaks out into one of hia passages of declamatory 
vehemence; 'Great men I elevated above the common 
standard of human nature, by discovering the laws 
which celestial occurrences obey, and by freeing the 
wretched mind of man from the feara which eclipseB 
inspired.— Hail to you and to your genhis, interpreters 
of heaven, worthy recipients of the laws of tho uni- 
verse, authors of principles which connect gods and 
men!' Modern writers have spoken of HJpparchna 
with the same admiration ; and even the exact but 
severe historian of astronomy, Delambre, who bestows 
his praise so sparingly, aud his sarcasm so generally; — 
who says' that it is unfortunate for the memory of 
Aristarohus that his work has come to us entire, and 
who cannot refer^ to the statement of an eelipse rightly 
predicted by HaJicon of Cyzicus without adding, that 
if the story be true, Halicon was more lucky than 
prudent; — loses all his bitterness when he comes to 
Hipparchns.^ ' In Hipparchus,' eays he, ' we find one 
of tlie most extraordinary men of antiquity ; the very 
hich require a combinatioii 
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of observation with geometry.' Delambre adda, a]>- 
parently in the wish to reconcile this eulogium with 
the depreciating maimer in which be habitiiidly speaks 
' of all astronomers whose obaervationa are inexiict, ' a 
long period and the continued efforts of many indiiB- 
trioua men are requiaile to produce good.inatruQients, 
bat energy and assiduity depend on the man himself' 

Hipparchua was the author of other great discoveries 
and improvementa in astronomy, besides the establiuh- 
ment of the Doctrine of Eccentrics and Epicylea; but 
this, being the greatest advance in the tliiiory of the 
celestial motions which was made by the ancients, 
must be the leading subject of our attention in the 
present work ; our object being to discover in what the 
progress of real theoretical knowledge Consists, and 
under what circumatauces it has gone on. 

Seel. 2. — EatimtUe of the Value of the Theori/ of 
Eccentrics and Epicycles. 

It may be useful here to explain the value of the theo- 
retical step which Hipparchus thus made ; and the 
more so, as there are, perhaps, opinions in popular cir' 
dilation, which might lead men to think lightly of 
the merit of introducing or eatablishing the Doctrine 
of Epicycles. For, in tlie firat place, this doctrine is 
now acknowledged to be false ; and some of the greatest 
men in the more modem history of astronomy owe 
the brightest part of their fame to their having been 
iastmmental in overturning this hypothesis. And, 
moreover, in the next place, the theory is not only 
false, but extremely perplexed and entangled, so that 
it is usually looked upon as a mass of arbitrary and 
absurd complication. Most persons are familiar with 
passages in which it is thus spoken of '° 
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Hereafter when Vaty uume to model heaven 
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And calculate the stara, tow vHll ttiej wield 
The might; frame ! how baild, unbuild, cont 
To save appearances I how gird the aphere 
^Vith centriu and eceentric scribbled o'er, 
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And every one will recollect the celebrated aayin; 
of Alphonso X., king of Castile," when this complex 
system was explained to him; that 'if God had coe- 
Bulted him at the creation, the univerBe should have 
been on a better and simpler plan.' In addition to 
this, the system in represented as involving an extra- 
vagant conception of the nature of the orbs which it 
introduces; that they are crystalline spheres, and that 
the vast spaces which intervene between the celestial 
luminaries are a solid mass, foi^ned by the fitting 
together of many masses perpetually in motion; an 
imagination which is presumed to be incredible and 
monstrous. 

We must endeavour to correct or remove these pre- 
judices, not only in order that we may do justice to 
the Hipparchian, or, as it in usually called, Ftolemaic 
system of astronomy, and to its founder; but for an- 
other reason, much more important to the purpose of 
this work; namely, that we may see how theories may 
be highly estimable, though they contain false repre- 
sentations of the real stAte of things, and may be 
exti-emely useful, though they involve unnecessary com- 
plexity. In the advance of knowledge, the value of 
the true part of a theory may much outweigh the 
accompanying errour, and the use of a rule may bo 
little impaired by its want of simplicity. The first 
steps of our progress do not lose their importancft 
because they are not the last; and the outeet of tho 
journey may require no less vigour and activity thia 

That which is true in the Hipparchian theory, and 
which no succeeding discoveries bave deprived of ita 
value, is the Resolution of the apparent motions of the 
heavenly bodies into an assemblage of circular motiona. 
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I The test of the truth and reality of this Eesohition is, 
' that it leads to the constructiou of theoretical Tables 
of the motioiiM of the luminariea, by wLicIi their 
places are given at any time, agreeing nearly with 
their places as actually observed. The assumption that 
these circular motions, thus introduced, are all exactly 
uniform, is the fundamental principle of the whole 
process. This assmnption ia, it may be said, iaise; 
and we have seen how fantastic some of the argu- 
ments were, which were originally urged in its favour. 
But e&mie assnniptioa is necessary, in order that the 
motions, at difTerent points of a revolution, may be 
somehow connected, that is, in order that we may have 
any theory of the motions; and no assumption more 
simple than the one now mentioned can be selected. 
The merit of the theory is this;— that obtaining the 
amount of the eccentricity, the place of the apogee, 
and, it may be, other elements, from a few observa- 
tions, it deduces from these, results agreeing with oil 
observations, however numerous and distant. To 
express an inequality hy means of an epicycle, implies, 
not only that there is an inequality, but further, — 
that the inequality is at its greatest value at a certain 
known place, — diminishes in proceeding from that 
place Ijy a known law, — continues its diminution for a 
known portion of the revolution of the luminary, — 
then increases again; and so on; that is, the intro- 
duction of the epicycle represents the inequality of 
motion, as completely aa it can be represented with 
respect to its qtiantily. 

We may further illustrate this, by remarking that 
such a Resolution of the unequal motions of the 

ivenly bodies into equable circular motions, is, in 
fact, equivalent to the most recent and improved pro- 
cesses by which modem astronomers deal with such 
motions. Their universal method is to resolve aU 
mequal motions into a series of terma, or expressions 
of partial motions ; and these terms involve sitieg and 

lines, that is, certain technical modes of measuring 

cular motion, the circular motion haviug aoiiift cti'a- 
etant rehtiun to tJw time. And thus the yiTobVm. d 
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the resolution of the celestial motions into equable 
circular onea, which was propounded ahove two thou- 
sand years ago in the school of Plato, ia still the great 
object of the study of modem astronomers, -whuther 
olwerTers or calculators. 

That Hipparchua should have Bueceeded in the first 
great steps of this resolution for the sun and moon, 
and should have seen its applicability in otlier cases, is 
a circuiaatance which gives him one of the moat dis- 
tinguished places in the roll of great astronomers. 
As to the charges or the sneers against the complexity 
of his system, to which we have referred, it is easy to 
see that they are of no force. As a system of eal^da- 
titin, his is not only good, but, as we have juat said, in 
many cases no better has yet been dincoTered. Jl, 
when the actual motions of the heavens are calculated 
in the beat possible way, the process is complex and 
difficult, and if we are discontented at this, nature, and 
not the astronomer, must be the object of our dis- 
plcHsure. This plea of the aatronomera must be al- 
lowed to be reasonable. ' We must not be repelled,' 
says Ptolemy,'^ ' by the complexity of the hypotheses, 
but explain the phenomena as well as we can. If the 
hypotheses satisfy each apparent inequality separately, 
the combination of them will represent the truth; and 
■why should it appear wonderful to any that such a 
com[)Iexity should exist in the heavens, when we 
bnow nothing of their nature which entitles as to 
suppose that any inconsistency will result?' 

But it may be said, we now know that the motions 
are more simple than they were thus represented, and 
that the Theory of Epicycles was felse, as a conception 
of the real construction of the heavens. And to this 
we may reply, that it docs not appear that the best ' 
astronomera of antiquity conceived the cycles and 
epicycles to have a material existence. Though the 
dogmatic philosophers, as the Aristotelians, appear to 
have taught that the celestial spheres were real solid 
bodies, they are spoken of by Ptolemy as imaginary;'* 

" S^al. xiii. J. " Ih. Ui. 3. 



INDUCTIVE EPOCH OF HIPPAECHUS, 143 

laod it is clear, from liia proof of the identity of tlie 

Pits of the hypothesia of an eccentric and an epi- 
!, that they ai-e inteniled to pass for no more tliati 
letriual conceptinna, in which view they are true 
Bsentationa of the apparent motions. 
. is true, that the real motions of the heavenly 
es are simpler than the apparent motions; aud 
that we, who are in the habit of representing to our 
-minda their real arrangement, become impatient of the 
iweming oonfosion and disorder of the ancient hypo- 
^eses. But this real arrangement never could LaTB 
)>eeii detected by philosophers, if the nppareut motions 
Itad not been strictly examined and succeasfiiUy ana- 
lyzed. How far the connexion between the facta and 
Wie true theory is from being obvious or easily traced, 
'itoy one may sat fy h m If by endeavouring, from a 
|:^neral con pt f th m ion's real motions, to dis- 
l«over the 1 wh h ^ilate the occurrences of 
reclipses; or n t xfl n to a learner, of what 
jiature the ajpar t m of the moon among the 

i!«bLrs will be 

I The unquestionable evidence of the merit and value 
' of the Theory of Epicycles is to be found in this circnm- 
tftance; — that it served to embody all the most exact 
{ knowledge tben extant, to direct astroDomers to the 
I'jiroper methoda of making it more exact and complete, 
to point out new objects of attention and research ; 
Knd that, after doing this at first, it was also able to 
take in, and presci-ve, all the new results of the active 
and persevering labours of a- long aeries of Greek, 
Xatin, Arabian, and modem European asti-onomers, 
till a new theory arose which could discharge this 
Office. It may, perhaps, surprise some readers to be 
told, that the atithor of this next great step in astro- 
nomical theory, Copernicus, adopted the theory of 
' qiu^cles; that is, he employed tbat which we hare 
■poken of as its really valuable characteristic. 'We'* 
tnuEt confess,' he says, ' that the celestial motions are 
circular, or compounded of several circles, since their 
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inequalities observe a fixed law aod lecuT in value at 
certain intervuJs, which could not be, except that they 
-were circular ; for a. circle alone can make that which 
has been, recur again.' 

In this sense, therefore, the Hipparchian theory was 
& real and indestructible truth, which was not rejected, 
and replaced by different truths, but was adopted and 
incorporated into every succeeding aatronomieal theory; 
anil which cau never cease to be one of the nioat im- 
portant and fmidameutal parts of our astroaomical 
knowledge. 

A moment's reflection will show that, in the eventi 
just spoken of^ the introduction and establish ment of 
the Theory of Epicycles, those characteristics were 
strictly exemplified, which we have asserted to be the 
conditions of eveiy real advance in progressive soience; 
uamely, the application of distinct and appropriate 
Ideas to a real series of Facts. The distinctness of the 
geometrical conceptions which enabled Hipparchus to 
assign the Orbits of the Sun and Moon, requires no 
illustration; and we have just explained how these 
ideas combined into a connected whole the varioua 
motions and places of those luminaries. To make 
this step in astronomy, required diligence and care, 
exerted in collecting observations, and mathematical 
clearness and steadiness of view, exercised in seeing and 
showing that the theory was a successful analysis of 

Sect. 3. — Discoverj/ of tfie Precession of tke Equinoxea. 

The same qualities which we trace in the researches of 
Hipparchus already examined, — diligence in collecting 
observations, and clearness of idea in representing 
them, — appear also in other discoveries of his, wliich 
we must not pass im.uoticed. The Pj-ecession of tho 
Equinoxes, in particular, is one of the most important 
of these discoveries. 

The circumstance here brought into notice was » 
Change of Longitude of the Fixed Stars. The longi- 
tudes of the WavenVj \io4vea,\iti\u.^'aiea&viT(Ai-s'aui^.\ift | 
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point where the sun's annual path cuts the equator, 
■will change if that path changes. Whether this 
^ppens, however, is not very easy to decide; for the 
mn's path ajuong the stars is made out, uot by merely 
looking at the heavens, but by a seriea of inferences 
fix>ni other observable facts. Hipparohus used for this 
purpose eclipses of the moon; for these, being exactly 
I opposite to the Bun, afford data iu marking out his 
{ pRth. By comparing the eclipses of his own time 
1 nith those observed at an earlier period by Timocharia, 
he found that the bright star, Spica Yirginis, was six 
d^lieea behind the equinoctial point iu his own time, 
> And had beerL eight degrees behind the same point at 
^aa earlier epoch. The suspicion was thus suggested, 

■ that the longitudes of all the stars increase i)erpe- 
I tuallyj but Hippai'chus had too truly philosophical a 
' Q)irit to take this for granted. He examined the 

Slaoes of Gegulus, and those of other stars, as he had 
one those of Spica; and he found, in all these in- 
I BtanocB, a change of place which could be explained by 
U s certain alteration of position in the circles to which 
I the siars are referred, which alteration is described as 
the Precession of the Equinoxes. 

The distinctness with which Hipparchus conceived 
tiiia change of relation of the heavens, is manifested by 
the question which, as we are told by Ptolemy, he exa- 
mine and decided; — that this motion of the heavens 
takes place about the poles of the ecliptic, and not 
' aboat those of the equator. The care with which he 
collected this motion from the stars themselves, may 
' be judged of from this, that having made his first 
I observations for this purpose on Spica and Pegulus, 

■ lodiacal stars, his first suspicion was that the stars of 
ihe zodiac alone changed their longitude, which sua- 

i bicion he disproved by the examination of other stars. 
By his processes, the idea of the nature of the motion, 
' and the evidence of its existence, the two conditions 
I of a discovery, were fully brought into view. The 
I scale of the fhcts which Hipparchus was thus Ma Xa 
I reduce to law, ajar' be in some measure jiidgeA. o^,Vj 
I recollecting that the precession, from Ma time to o\vift. 
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baa only carried the stare throTigt one ^gn of tlie 
zodiac; and that, to complete one revolution of the 
Bky by the motion thus discovered, would require a 
jwriod of 25,000 years. Thus this discovery con- 
nected the vaiiciuit aspects of the heavens at the most 
remote periods of human history; and, accordingly, 
the novel and ingenious views which Newton pub- 
lished in bis chronology, are founded on this single 
astronomical &ct, the Precesision of the Equinoxes. 

The two discoveries which have been described, the 
mode of constructing Solar and Lunar Tables, and the 
Precession, were advances of the greatest importance 
in astronomy, not only in themselves, but in tbe new. 
objects and undeH^kkings which they suggested to astro- 
nomers. The one discovery detecteda constant lavand 
order in the midst of perpetual change and apparent 
disorder; the other disclosed mutation and movement 
perpetually operating where eveiything had been a\if- 
posed fixed and stationary. Such discoveries wers 
well adapted to call up many questionings in the 
minds of speculative men ; for, after this, nothing could 
be supposed constiuit till it had been ascertained to he 
80 by close examination ; and no apparent complexity 
or confusion could justify the philosopher in turning 
away in despair from the task of simplification. To' 
answer the inquiries thus suggested, new methods of 
observing the facta were requisite, more exact and 
uniform than those hitherto employed. Moreover the 
discoveries which were made, and others which could 
not fail to follow in their train, led to many conse- 
quences, required to be reasoned upon, ^stematized, 
completed, enlarged. In short, the Epoch of Induction 
led, as we have stated that such epochs must always 
lead, to a Period of D^dopment, of Verification, Appti- 
cation, and Extension. 



CHAPTER IV. 
Sequel to the Inductive Epoch op Hipfarchus. 



Stci. I. — EeanarcJies which verified Ois Theory, 

THE diacovei-y of the leading Laws of the Solar and 
lunar Motioiia, and the detection of the Preceaaiou, 
may be considered as the great positive steps in the 
Hipparchian astronomy; — the parent discoveries, irom. 
"which many minor improvementa proceeded. The 
task of pursuing the collatei'al and consequent re- 
searches which now otiered themselves, — of bringing 
the other parts of HBtronomy up to the level of its most 
improved portions,- — was prosecuted by a succession of 
zealous observers and calculators, first, in the school 
of Alexandria, iind afterwards in other jmrts of the 
world. Wo must notice the various labours of this 
series of astronomers ; but we shall do so very briefly; 
for the ulterior development of doctrines once esta^ 
blished is not so important an object of contemphition 
for our present purpose, as the first conception and 
proof of those fundamental truths on wbicli systematio 
doctrines are founded. Yet Periods of Veiification, as 
well OS Epochs of Induction, deserve to be attended 
to ; and they can nowhere be studied with so much 
advantage as in the history of astronomy. 

In truth, however, Hipparehus did not leave to hia 
Buccessors the task of pursuing into detnil those views 
of the heavens to which bis discoveries led him. He 
examined with scrupulous care almost every part of 
the subject We must briefly mention some of the 
principal points which were thus settled by him. 

The veriflcution of the laws of the changes which 
he assigned to the skies, implied that the condition of 
the heavens waa constant, except ao far a& \\. ■«»» 
affected by those cbangea. Thus, tlie docttme W\vJi. 
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the changes of position of the stars were rightly repre- 
seuted hy the pfeces^ion of the equinoxes, supposed 
that the stara were fixed with regard to each other ; 
and the doctrine that the unequal number of days, in 
certain aubdivisionB of months and years, was ade- 
quately explained by the theory of epicycles, assumeii 
that years aad days were alwaya of constant lengths. 
But Hipparchua was not content with assuming these 
bases of his theory, he endeavoured to prove them. 

1, Fixity of t/ie Stofn. — The question necessarily 
arose after the discoveiy of the precession, even if such 
a question had never suggested itself before, whether 
the stars which were called fixed, and to which the 
motions of the other luminaries are referred, do really 
retain constantly the same relative position. In order 
to determine this fimilameutal question, Hipparcbna 
undertook to construct a Map of the heavens ; for 
though the result of his survey was expressed in 
words, wo may give this name to his Catalogiie of tie 
positions of the most conspicuous stars. These post' 
tions are described by means of alimealions ; that is, 
three or more such stars are selected as can be touched 
by an apparent straight line drawn in the heavens. 
Thus Hipparchus observed that the southern claw of 
Cancer, the bright star in the same constellation which 
]irecedeB the head of the Hyilra, and the bright star 
Procyon, were nearly in the same line. Ptolemy 
quotes this and many other of the configurations which 
Hipparchua had noted, in order to show that the posi- 
tions of the stars had not changed in the intermediate 
time ; a truth which the catalogue of Hipparchus thus 
gave astronomers the means of ascertaining. It con- 
tained iqSo stars. 

The construction of this catalogue of the stars hy 
Hipparchus is an event of great celebrity in the his- 
tory of astronomy. Pliny,' who speaks of it with 
admiration as a wonderful and superhuman task 
('auaus rem etiam Deo improbam, anuumerare posteris 
Stellas'), asserts the undertaking to have been sug- 
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gested by a reraarfeable astronomical event, the appear- 
tmae of a new star ; ' Duvum Rtellam et alian;) in esvo 
Buo genitam depreheudit ; ejusque motu, qua diefuJait, 
ad dubitatioDem est adductus anne hoc saipiim fieret^ 
moverenturque et eK quas putamus affixes,' There ib 
nothing inherently improbable in thia tradition, but 
we may observe, with Delamhre,^ that we are not in- 
formed whether thia new star remained in the sky, or 
soon disappeared again. Ptolemy makes no mention 
of the star or the Etory ; and his catalogue contains no 
blight star which is not found in the ' Catasterisms' of 
Eratosthenes. These Catapterisms were an enumera,- 
tion of 47S of the principal stars, according to the 
constellations in which they are ; and were published 
about sixty years before Hipparchua. 

3. Conatwnt Lengtii of Fears. — Hipparchua alao at- 
tempted to ancei'taia whether successive years are all 
of the same length; and tliough, with his scrupulous 
love of accuracy,^ he does not appear to have thought 
himaelfjustifii^ in asserting that the years were always 
exactly equal, he showed, both by oliservationa of the 
time when the sun passed the equinoxes, and by eclipses, 
that the difference of successive years, if there were 
any difference, must be extremely slight. The obser- 
Tations of succeeding astronomers, and especially of 
Ptolemy, confirmed this opinion, and proved, with cer- 
tainty, that there is no progressive increase or diminu- 
tion in the duration of the year. 

3. Cortstaitt Length of Days. Equation of Time. — 
The equality of days was more difficult to ascertain 
than that of years ; for the year is measured, aa on a 
natural scale, by the number of days which it contains ; 
but the day can be subdivided into hours only by 
artificial means; and the mechanical skill of the an- 
cients did not enable them to attain any considerable 
Boouracy in the measure of such portions of time ; 
though clepsydras and similar instruments were used 
by astronomers. The equality of days could only be 
proved, therefore, by the consequences of such a sup- 
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position ; and in this manner it ajipesirs to have been 
tiaaumed, aa tlie fact really la, tliat the apparent rcTu- 
lutioQ of the stars ia accurately uniform, never becom- 
ing either quicker or slower. It followed, as a oon- 
eequence of this, that the solar days (ur rather the 
ni/othemers, compounded of a iiiglit and a day), would 
he unequal, in consequence of the sun's unequal motion, 
thus giving rise to what we now call the Equation 0/ 
Time, — the interval by which the time, aa marked on 
a diaJ, is before or after the time, aa indicated by the 
accurate time-pieoea which modeni skill can produce. 
This inequality was fiiUy taken account of by the an- 
cient astronomers; and they thus in fact assumed the 
equality of the sidereal days. 

Sect. 2. — Jlesearclteg which did not verify Hie Theory. 

Sou£ of the researches of Hipparchua and hia followera 
fell upon the weak parts of hU theory; and if the 
observations had been sufficiently exact, must have led 
to its being corrected or rejected. 

Among these we may notice the researches which 
were made concerning the Fa/raMax of the heavenly 
bodies, that is, their apparent displacement by the 
alteration of position of the observer from one part of 
the earth's surface to the other. This subject is treated 
of at length by Ptolemy ; and there can be no doubt 
that it was well examined by Uipparchus, who in- 
vented a p(wa/&i(ic inetrwment for that purpose. The 
idea of parallax, as a geometrical possibility, was indeed 
too obvious to be overlooked by geometers at any 
time; and when the doctiine of the sphere was esta- 
blished, it must have appeared strange to the student, 
that every place on the earth's surface might alike be 
considered as the center of the celestial motions. But 
if this was true with respect to the motions of the 
fixed stars, was it also true with regard to those of the 
Bun and moonJ The displacement of the sun by 
parallax is so small that the best observers among the 
ancients could never be sure of its existence; but with 
i-espeot to the moon, the caae la liiffie.T'ixA, Sae. ina.-^ \«i 
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displaced by this cause to the atnoimt of twice her own 
ti'eadth, a quantity easily noticed by the nidest proceas 
of instnimental observation. The law of the displace- 
ment thus produced is easily obtained by theory, the 
globular form of the earth being supposed known ; but 
the amoimt of the displacement depends upon the dis- 
tance of the moon from the earth, and reqiiii-es at least 
one good observation to determine it. Ftolemy has 
given a table of the effects of parallax, calculated ac- 
cording to the apparent altitude of the moon, assuming 
■certain supposed distances; these distances, however, 
do not follow the real law of the moon's distances, in 
consequence of their being founded upon the Hypo- 
thesis of the Ecceutric and Epicycle. 

In fact this Hypothesis, though a very close repre- 
Beiitfttion of the truth, so far as the poiaitiona of the 
luminaries are concerned, fails altogether when we 
apply it to their distances. The radius of the epicycle, 
or the eccentricity of the eccentric, are determined so 
as to satisfy the observations of the apparent inotiona 
of the bodies; but, inasmuch aa the hypothetical 
motions are different altogether from the reid motions, 
the Hypothesis doea not, at the same time, satial'y the 
observations of the distances of the bodies, if we are 
able to make any such observations. 

Faralias is one method by which the distances of 
the mooii, at different times, may be compared; her 
Apparent Diameters affoi^d anotlier metliod. Neither 
of these modes, however, is easily capable of such 
accuracy as to overturn at once the Hypothesis of 
epicycles; and, accordingly, the Hypothesis continued 
to be entertained in spite of such measures; the mea- 
Bures being, indeed, in some degree falsified in conse- 
quence of the reigning opinion. In fact, however, the 
imperfection of the methods of measuring parallax and 
magnitude, which were iu use at thb period, was such, 
their results could not lead to any degree of conviction 
deserving to be set in opposition to a theory which was 
so satisfactory with regard to the more certain obser- 
vations, namely, those of the motions. 

The Eacentricity, or the Radius of tW ^^Kn-jc^e, 
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which 'would eatisfj the mequality of the motions of ] 
the mooii, woiilcl, iu fact, double the inequality of the 
distances. The Eccentricity of the moon's orbit ia 
determined by Ptolemy aa -jJj- of the radios of the ■ 
orbit; but its real amount ia only half as great; this 
difference is a necessary consequence of the supposition 
of uniform circular motions, on which the Epioyclic 
Hypothesia proceeds. 

We see, therefore, that this part of the Hipp&rchian. 
theory carries in itself the germ of its own destruction. 
As soon as the art of celestial measurement was so &r 
perfected, that astronomers oould be aure of the appa- 
rent diameter of the moon within 3*5 or ^ of the 
whole, the iuoonsiatency of the theory with itself would 
become manifest. We shall see, hereafter, the way in 
which this inconsistency operated; in reality, & very 
long period elapsed before the methods of obaerving 
■were sufficiently good to bring it clearly into view. 

Sect. 3. — Methods of Observation of (lie Greek 
Agironomars, 
We must now say a word concerning the Methods 
above spoken of. Since one of the most important 
taaka of a period of verification, is to ascertain with 
accuracy the magnitude of the quantities which enter, 
aa elements, into the theory which occupies men during 
the period; the improvement of instruments, and the 
methods of observing and experimenting, are principal 
features in such perioda. We shall, therefore, mention 
some of the facta which bear upon this point. 

The eetimation of distances among the atars by the 
Bye, is an extremely inexact process. In some of the 
ancient observations, however, this appears to have 
been the method employed : and Bta,r3 are described as 
being a cuSti or (100 cvhits from other atara. We may 
form some notion of the scale of thia kind of measure- 
ment, from what Cleomedea remarka,* that the nun 
appears to be about a foot broad; an opinion which he 
confutea at length. 

■1 Uc\. A. A. i. ii.1. 
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A metliod of determining the positions of the stars, 
Bneceptible of a little more exactness than the former, 

I is the use of aiineaiioTis, ab'eady noticed in Bpeaking of 

''HipparehuB's catalogue. Thus, ti straight line passing 

I through two stars of the Great Bear passes also through 
the pole-stsj; this is, indeed, even now a method 
iisuAlly employed to enable us readily to ibc on the 
pole-star; and the two Btars, (3 aiid a of XJrHa Major, 
ace heuoe often called ' the pointers.' 

But nothing like accurate measurements of any 

' portiona of the sky were obtained, till astronomers 
adopted the method of making visual coincidences of 
the objects with the instruments, either by means of 
ahadotnn or of gifflUg. 

Probably the oldest and most obvious measurements 
of the positions of the heavenly bodies were those in 
■which the elevation of the sun was determined by com- 
paring the length of the shadow of an upright statf or 
gnomon, with the length of the staff itself. It appears,' 
jrom a memoir of Gautil, first printed in the Ci/nnais- 

. aa^tce da> Temjis for 1S09, tha^ at the lower town of 
Jjoyang, now called Hon-anfou, Tchon-kong found the 

' length of the shadow of the gnomon, at the summer 
Bolstice, equal to one foot and a half, the gnomon itself 

I being eight feet in length. This was about iioo ac. 

, The Greeks, at an early period, used the same method. 

! Btrabo says^ that ' Byzantimn and Marseilles are on 

! 'the same parallel of latitude, because the shadows at 

' tiiose places have the same proportion to the gnomon, 

\ according to the statement of Hipparchus, who follows 

iPylhaa' 

I But the relations of position which astronomy oon- 
■iders, are, for the most part, angular distances ; and 

I tiiese are most simply expressed by the intercepted 
portion of a circumference described about the angular 
point. The use of the gaomon might lead to the deter- 

[ Uisation of the angle by the graphical methods of 
geometry; but the numerical expression of the circum- 
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iqnired some progress in trigonometiy ; 
i table of the tangeiita of angles. 

Instrumenta were soon invented for meaauring 
angles, by means of circles, which bad a border, or 
limb, divided into equal parts. The urbole circum- 
ference was divided into 360 degrees: perhaps because 
the circles, tirst so divided, were those which repre- 
Bcnted the sua'a annnal path; one such degree wonld 
be the sun's daUy advance, more nearly than any otlier 
convenient aliqnot part which could be taken. The 
position of the snn was determined by means of the 
ehadow of one part of the instrament upon the other. 
The most ancient iiistrument of this kind appears to be 
the Seminp!iere of Beroaua. A hollow hemisphere was 
placed with its rim horizontal, and a i^tyle was erected 
in such a manner that the extremity of the style waa 
exactly at the center of the sphere. The ahadow of 
this extremity, on the concave surfe^je, had the same 
position with n^ard to the lowest point of the sphere 
which the sun had with regard to the highest point of 
the heavens. But this instrument was in fact used 
rather for dividing the day into portions of time than 
for determining position. 

EratoBtheues^ observed the amount of the obliquity 
of the sun's path to the equator; we are not informed 
what instruments he used for this purpose: hut he is 
said to have obtained, from the munificence of Ptolemy 
Euergetea, two Armils, or instmments composed M 
circles, which were placed in the portico at Alexandria, 
Bod long used for observations. If a circular rim or hoop 
were placed so as to coincide with the plane of th« 
equator, the inner concave edge would be enlightened 
by the sun's rays which came under the front edge, when 
the sun was south of the equator, and by the mys whidi 
came over the front edge, when the sun waa north of' 
the equator ; the moment of the transition would be 
the time of the equinox. Such an instrument appears 
to be referred to by Hipparchus, as quoted by, 
Ptolemy.^ ' The circle of copper, which stands at 

■ Celmnljre, A. A. S. 80. * ^wV S\iiA.\\i.i.. 
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Alexandria in what is called the Square Porch, 
appears to nuu-k, as the day of the equinox, that on 
■which the concave surface begins to be enlightened 
from the other side.' Such an instrument was called 
an equinoctial armil. 

A aolslUial aria'd ia described by Ptolemy, conaiating 
of two cireular rims, one sliding i-ound within the 
other, and the inner one furnished with two pegs 
standing out from its surface at right angles, and dia- 
metrically oppoaite to each other. These circles being 
£xed in the plane of the meridian, and the inner one 
turned, tilt, at noon, the shadow of the peg in front 
falls upon the 7>eg behind, the position of the sun at 
noon would be determined by the degrees oa the outer 

In calculation, the degree was conceived to be 
divided into 60 miniUeg, tjie minute into 60 eeconih, 
and so on. But in practice it was impossible to divide 
the limb of the instrument into parts so small. The 
armils of Alexandria were divided into no parts smaller 
than sixths of degrees, or divisions of 10 minutes. 

The angles, observed by meaua of these divisions, 
were expressed as a fraction of the circumference. 
Thus Eratosthenes stated the interval between the 
tropica to he |J of the circumference." 

It was soon remarked that the whole circumferenee 
of the circle was not wanted for such observations. 
Ptolemy^^" says, that he found it more convenient to 
observe altitudes by means of a square flat piece of 
atone orwood,with a quadrant of a circle described on 
one of its flat faces, about a center near one of the 
angles. A peg was placed at the center, and one of 
Qie extreme radii of the quadrant being perpendicular 
to the horizon, the elevation of the sun above the 
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horizon was determined by observing the point of the 
of the quadrant on which the abadow of the peg 
fell. 

As the necessity of accuracy in the obaervationa 
was more and mure felt, various adjustments of such 
instruments were practised The instruments were 
placed in the meridian by means of a meridian line 
drawn by aatronomical methods on the floor on which 
they stood. The plane of the instrument was made 
Tertical by means of a plumb-line; the bounding 
radius, irom which angles were measured, was also 
adjusted by the plwmh4ine." 

In this manner, the places of the sun and of the 
moon could be observed by means of the shadows 
which they cast In order to obaerve the staj^'* the 
observer looked along the face of the circle of the 
armil, so as to see its two edges apparently brought 
together, and the star apparently touching them,'* 

It was afterwards found important to ascertain the 
position of the sun with regard to the ecliptic : and, 
for this purpose, an instrument, called an astrolabe, 
waa invented, of which we have a description in 
Ptolemy,'* This also consisted of circular rims, 
moveable within one another, or about poles; and 
contained circles which were to be brought into the 
position of the ecliptic, and of a plane passing through 
the sun and the poles of the ecliptic The position of 
the moon with regard to the ecliptic, and its position 
in longitude with regard to the sun or a star, were 
thus determined. 

The astrolabe continued long in use, but not bo long 
as the quadrant described by Ptolemy; this, in a hu^r 
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form, is the mwral quadrami, which has been naed up 
to the most recent times. 

It may be considered surprising," that Hipparclius, 
after having observed, for some time, right ascensions 
and declinations, quitted equatorial armila for the 
aati-olabe, which immediately refera the stars to the 
ecliptic. He probably did this because, after the 
discovery of precession, he found the latitudes of the 
stars constant, and wanted to ascertaiu their motion 
in longitude. 

To the above iiistrmnenta, may be added the dioptra, 
and the paraUactia instruiiient of Hipparchus, and 
Ptolemy. In the latter, the distance of a Star from 
the zenith was observed by looking through two sights 
fixed in a rule, this being annexed to another rule, 
which was kept in a vertical position bya plumb-linej 
and the angle between the two rules was measured. 

The following example of aii observation, taken 
from Ptolemy, may serve to show the form in which 
the results of the instruments, just described, were 
usually stated."* 

' In the and year of Antoninus, the 9th day of 
Pharmouthi, the sun being near setting, the last 
division of Taurus being on the meridian (that is, 
5^ equinoctial hours attcr noon), the moon was is 
3 degrees of Pisces, by her distance from the sun 
{which was 92 degrees, 8 minutes) ; and half an hour 
after, the sun being set, and the quarter of Gemini on 
the meridian, Regulus appeared, by the other circle of 
the astrolabe, 57^ degrees more forwards than the 
moon in longitude.' From these data the longitude of 
iRegulus is calculated. 

From what has been said respecting the observations 
of the Alexandrian asti-onomers, it will have been 
Been that thefr instrumental observations could not be 
depended on for any close acciu'acy. This defect, 
after the general reception of the Hi]iparchian theory, 
operated very unfavourably on the progress of the 
science. If they could have traced die moon's place 
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diatinctly from day to day, tliey miist aoon liaye dis- 
covered all the inequalities whicii were known to 
Tycho Brahe; and if they coiild have measured her 
parallax, or her diameter with any considerable acou.' 
laey, they must have obtained a eocfutation of the 
epicyoloidal form of her orbit. By the badneaa of 
their observations, and the imperfect agreement of 
these with calculation, they not only were prevented 
mating auch steps, but were led to receive the theory 
with a. servile assent and an indistinct apprehension, 
instead of that rational conviction and intuitive clear- 
ness which would have given a progressive impulse to 
their knowledge. 

Sect. 4. — Period Jrom Sipparokus to Ploleiny. 
We have now to speak of the cultivators of astronomy 
from the time of Hipparchus to that of Ptolemy, the 
next great name which occurs in the history of this 
science; though even he holds place only among those 
who verified, developed, and extended the theory of 
Hipparchus. The aatronoroora who lived in the inter- 
mediate time, indeed, did little, even in this way; 
though it might have been supposed that their studies 
were carried on under considerable advantages, inas- 
much as they all enjoyed the liberal patronage of the 
kings of Egypt." The ' divine school of Alexandria,' aa 
it is called by Synesius, in the fourth century, appeals. 
to have produced few persons capable of carryiny. 
forwards, or even of verifying, the labours of its great' 
astronomical teacher. The mathematicians of the school 
wrote much, and apparently they observed sometimes; 
but their observations are of little value : and their 
books are expositions of the theory and its geometrical 
consequences, without any attempt to compai* it witt 
observation. For instance, it does not appear that any 
one verified the remarkable discovery of the precossion,- 
till the time of Ptolemy, 230 years after; nor does tha 
statement of this motion of the heavens appear in the 
treatises of the intermediate writera ; nor does Ptolemy. 
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single observation of any person made in this 

ig interval of time; while his references to those of 

ipparchua are perpetual; and to those of Aristyllua 

Imd Ttmocharia, and of others, as Coiioo, who preceded 

Hipparchns, are not unfrequent, 

I This Alexandrian period, bo inactive and barren in 
ithe history of acieuce, was prosperous, civilized, and 
ifiterary; and many of the works which belong to it 
,^re come down to tia, though those of Hipparehus are 
iIoet. We have the ' Uranologion' of (ieminus,'* a 
I i^prtematic treatise on Astronomy, expounding corrfwtly 
|tiie Hipparcbian Theories and their eonseqnencea, and 
'containing a good account of the nse of the various 
'Cycles, which ended in the adoption of the Calippio 
Period. We have likewise ' The Circular Theory of 
the Celestial Bodies' of Cleomedes,^* of which the 
principal part is a development of the doctrine of tbe 
sphere, inclnding the consequences of tbe globular 
i»mj of the eartb. We have also another work on 
i^Bpherioi' by Tbeodosius of Bithynia,^ which contains 
<Smie of the most important propositions of the subject, 
•nd has been used as a book of instruction even in 
Ijnodem times. Another writer on the same subject is 
lillenelaus, who lived somewhat later, and whose Three 
Books on Spherics still remain. 

One of tbe moat important kinds of deduction from 
a geometrical theory, sucb as that of the doctrine of 
the sphere, or that of epicycles, is tbe calculation of its 
numerical results in pai-ticular cases. With regard to 
the latter theory, this was done in the construction of 
Solar and Lnnar Tiihies, as we have already seen ; and 
this process required the formation of a Trigonomeliy, 
or s^iitem of rules for calculating the relations between 
the sides and angles of triangles. Such a science liad 
been formed by Hipparehus, who appears to be the 
author of every great step in ancient astronomy.^' He 
wrote a work in twelve books, ' On the Construction 
of tbe Tables of Chords of Arcs ;' such a table being the 
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meane by which the Greeks solved their triangles. 
The Doctrine of the Sphere required, in like manner, 
ft Spherical Trigonometry, in order to enable matte- 
maticianfi to calcalnte its results ; and this brajich of 
science also appears to have been formed by Hippar- 
chus,'^ who gives results that imply the possession of 
auoh a method. Hypsioloa, who was a contemporary 
of Ptolemy, also made some attempts at the solntion 
of such problems: but it m exti-aordinary that the 
writers whom we have mentioned as coming after 
Hipparchus, namely, Tlieodosius, Cleomedes, and Mene- 
laus, do not even mention the calculation of triangles," 
either plane or spherical ; though the latter writ«r^ is 
said to have written on ' the Table of Chorda,' a work 
which is now lost. 

We shall see, hereafter, how prevalent a disposition 
in literary ages is that whidi induces authors to 
become commentators. This tendency showed itself 
at an early period in the school of Alexandria. Aratns,^ 
who lived 270 ac. at the court of AntSgonus, king 
of Macedonia, described the celestial constellations in 
two poems, entitled ' Phtenomena,' and ' Prognostics.' 
These poems were little more than a versification of 
the treatise of Eudoxus on the acronycal and heliacal 
risings and settings of the stars. The work was the 
subject of a comment by Hipparchus, who perhaps 
found this the easiest way of giving connexion and 
circulation to his knowledge. Three Latin translations 
of this poem gave the Romans the means of becoming 
acquainted with it : the first is by Cicero, of which 
we have numerous fragments extant;^ Gennaoioua 
CsBsar, one of the sons-in-law of Augustus, also trans- 
lated the poem, and this translation remains almost 
entire. Finally, we have a complete translation by 
Avienus.^ The ' Astronomica' of Manilius, the 
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' Poeticon Astro noniicon' of Hyginus, both belonging 
to the time of Augustus, are, liie the work of Aratus, 
poema which combine mythological omaraent with 
elementary astronomical exposition; but Lave no value 
in the hiatory of Bcience. Wo may pass nearly the 
aame judgment upon the explanations and declama- 
tions of Cicero, Seneca, and Pliny, for they do not 
apprize us of any additiona to astronomical know- 
ledge; and they do not always indicate a very clear 
apprehension of the doctrines which the writers 
adopt. 

Perhaps the moat remarkable feature in the two 
last-named writers, is the declamatory espresaion of 
their admiration for the discoverers of physical know- 
ledge ; and in one of them, Seneca, the pei-suaaion of a 
boundless progress in science to which man was destined. 
Though this belief was no move than a vague and 
arbitrary conjecture, it suggested other conjectures in 
detail, aome of which, having been verified, have 
attracted much notice. For instance, in speaking of 
comets,''* Seneca saya, ' The time will come when 
those things which are now hidden shall be brought to 
light by time and persevering diligence. Our posterity 
will wonder that we should be ignorant of what is so 
obvious.' ' The motions of the planets,' he adds, 
' complex and seemingly confused, have been reduced 
to rule; and some one will come hereafter, who will 
reveal to us the paths of comets.' Such convictions 
and oonjecturesarenotto he admired for their wisdom; 
tor Seneca was led rather by enthustasm, than by any 
solid reasons, to entertain this opinion; nor, again, ai'e 
they to be considered as merely lucky guesses, imply- 
ing no merit : they are remarkable as showing how the 
petauaaion of the universality of law, and the belief of 
the probability of its discovery by man, grow up in 
men's minds, when speculative knowledge becomes a 
prominent object of attention. 

An important practical application of astronomical 
knowledge was made by Julius Ceesar, in his corrootioa 

* ScBeca, Qu. JV. vii. »J. 
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of the calendar, which we have already noticed: and 
this was strictly due to the Alexandrian School : 
Sosigenes, an astronomer belonging to that school, 
came from Egypt to Rome for the purpose. 

Sect. 5- — Meaearea of the Earth. 

There were, as we have said, few attempts made, at 
the period of which we are speakiog, to improve the 
accuracy of any of the determinations of the early 
Alexandiian astronomei'H. One question natuiilly 
escited much attention at all times, the magnitude of 
the earth, its figure being universally acknowledged to 
be a globe. Tlie Chaldeans, at an earlier period, had 
asserted that a man, walking without stopping, might 
go round the circuit of the earth in a year; but this 
might be a mere fancy, or a mere guess. The attempt 
of Eratosthenes to decide this qnestion went upon 
principles entirely correct. Syene was situated on the 
tropic; for there, on the day of the solstice, at noon, 
objects cast no shadow; and a well was enlightened to 
the bottom by the sun's rays. At Alexandria, on the 
same day, the sun was, at noon, distant Irom the 
zenith by a fiftieth part of the circumference. These 
two cities were north and south from each other: and 
the distance had been determined, by the royal overseers 
of the roads, to be 5000 stadia. This gave a circum- 
ference of 250,000 stadia to the earth, and a radius of 
about 40,000. Aristotle^^ says that the mathema- 
ticians make the circumference 400,000 stadia. Hip- 
parchuH conceived that the measure of Ei'atostbenes 
ought to be increased by about one tenth.^ Posi- 
donius, the friend of Cicero, made another attempt of 
the same kind. At Ehodes, the star Canopua but just 
appeared above the horizon ; at Alexandria, the same 
st^ rose to an altitude of ^'^^^ '^^ ^^ circumference ; 
the direct distance on the meridian was 5000 stadia, 
which gave 240,000 for the whole circuit. Wecannot 
look upon these meaaurea as very precise ; the stadium 
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employed is not certainly known ; and no peculiar care 
appears to Iiave been bestowed oD the measure of the 
direi-t distance. 

When the Arabiaos, iu the ninth century, came to 
be the principal cultivators of astronomy, they repeated 
this otiservation in a maimer more suited to ita real 
importance and capacity of exactness. Under the 
Caliph Almamon,*' the vast plain of Singiar, in Meso- 
potamia, was the scene of this undertaking. The 
Arabian astronomers there divided themselveB into two 
bonds, one under the direction of Chalid ben Abdolmalic, 
and the other having at its head Alis ben Isa. These 
two parties proceeded, the one north, the other south, 
determining the distance by the actual application of 
their measuring-rods to the ground, till each was found, 
by astronomical observation, to be a degree from the 
place at which they started. It then appeared that 
these terrestrial degrees were respectively 56 miles, and 
56 miles and two thirds, the mile being 4000 cul>its. 
In order to remove all doubt concerning the scale of 
this measure, we are informed that the cubit is that 
called the black cubit, which consista of 27 inches, each 
inch being the thickness of six gi'ains of barley. 

Sect. 6. — Ptolemy's Discovery of Eveclion. 

By referring, iu this place, to the last-mentioued mea- 
sure of the earth, we include the labours of the Arabian 
as well as the Alexandrian astronomera, in the period 
of mere detail, which forma the sequel to the great 
astronomical revolution of the Hipparchian epoch. And 
this period of verification is rightly extended to those 
later times ; not merely because astronomers were then 
Btill employed in determining the magnitude of the 
earth, and the amount of other elements of the theory; 
for these are some of their employments to the present 
day; but because no great intervening discovery marks 
a new epoch, and begins a new period ; — because no 
great revolution in the tJieory added to the objects of 
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investigation, or presented them in a new point of 
-view. This beiug the case, it will be more inatniotive 
for our purpose to consider the gentral character and 
broad intellectual featurea of this period, than to offer 
a useless catalogue of obacure and worthleas ■writers, 
and of opinions either boiTowed or unsound. Bnt 
before we do this, there ia one writer whom we cannot 
leave undistinguished in the crowd ; since hia name Is 
more celebrated even than that of Hipparchos; his 
worka contain ninety-nine hundredths of what we know 
of the Greek astronomy ; and though he was not the 
author of a new theory, he made aome very remarkable 
steps in the verification, correctioo, and extension of 
the theory which he received. I speak of Ptolemy, 
whose work, 'The Mathematical Consti-uotion' (of the 
heavens), contains a complete exposition of the state 
of astronomy in his time, the reigns of Adriaji and 
Antonine, This hook ia familiarly known to us by a 
term which contains the record of our having received 
our first knowledge of it from the Arabic writers. The 
' Megiste Syntaxia,' or Great Construction, gave rise, 
among them, to the title Al Magisti, or Almageat, by 
wliich the work is commonly described. As a mathe- 
matical exposition of the Theory of Epicycles and 
Eccentrics, of the observations and calculations which 
were employed in order to apply this theory to the aun, 
moon, and pfttnets, and of the other calculations which 
are requisite, in order to deduce the consequenoea of 
this theory, the work ia a aplendid and lasting monnment 
of dihgenee, akill, and judgment. Indeed, all the other 
aatronomical workn of the ancients hardly add anything 
whatever to the information we obtain from the Alma- 
gest ; and the knowledge which the student poasessea 
of the ancient astronomy must depend mainly upon his 
acquaintance with Ptolemy. Among other merits, 
Ptolemy haa that of giving ua a very copious account 
of the manner in which Hipparchus established the 
main points of his thcQri^; au account the more agree- 
able, in consequence of the admiration and enthusiasm 
with which this author everywhere speaks of the great 
ma-ster of the aatronoinica.! ac\ioo\. 
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present snrvey of the writings of Ptolemy, 
■we are coDcemed less with hia exposition of what had 
been done before him, than with his own original 
labours. In most of the biunches of the subject, he 
gave additional exactness to what Hipparchus had done ; 
but oar main business, at present, is with those parts 
of the Almagest which contain new steps in the appli- 
cation of the Hipparcbian hypothesis. There are two 
Buch cases, both very remarkHble,— that of the moon's 
£veeCion, and that of the Planetary Millions. 

The law of the moon's auomaly, that is, of the leading 
and obvious inequality of her motion, oould be repre- 
Beated, as we have seen, either by an eccentric or an 
epicycle; and the amount of this inequality had been 
collected by observations of eclipses. But though the 
hypothesis of an epicycle, for instance, would bring the 
moon to her proper place, so &r as eclipses could show 
it, that is, at new and full moon, this hypothesis did 
not rightly represent her motions at other points of 
her course. This appeared, when Ptolemy set about 
measui'ing her distances from the sun at different times. 
' These,' he^^ says, ' sometimes agreed, and sometimes 
disagreed.' But by fiirther attention to the facts, a 
rule was detected in these differences. ' As my know- 
ledge became more complete and more connected, so as 
to show the order of this new inequality, I pereeived 
that this difference was small, or nothing, at new and 
fiiU moon ; and that at both the (Mchotomies (when the 
moon is half illuminated,) it was small, or nothing, if 
the moon was at the apogee or perigee of the epicycle, 
and was greatest when she was in the middle of the 
interval, and therefore when the first inequality was 
greatest also.' He then adds some further remarks on 
the circumstances according to which the moon's place, 
as affected by this new inequality, is before or behind 
the place, as given by the epicyclical hypothesis. 

Such is the announcement of the celebrated discovery 
of the moon's second inequality, afterwards called (by 
f uUialdus) the Eveclion. Ptolemy soon proceeded to 



' l66 THE GREEK ASTRONOMY. 




represent this inequality by a, combination of circnlar 
motions, uniting, for tbis purpose, the hypothesis of an 
epicycle, already employed to explain the first inequality, 
with the hypothesia of an eccentric, in the circumfexenee 
of which the center of the epicycle was supposed to 
move. The mode of combining these was somewhat 
complex; more complex we may, perhaps, say, than 
was absolutely requisite;^ the apogee of the eccentric 
moved backwards, or contrary to the order of the signs, 
and the center of the epicycle moved forwards nearly 
twice as fast upon the circumference of the eccentric, 
BO as to reach a place nearly, but not exactly, the sam^ 
as if it had moved in a concentric iistead of an eccen- 
tric path. Thus the center of the epicycle went twice 
round the eccentric in the course of one month : and in 
this manner it satisfied the condition that it should 
vanish at new and fuU moon, and be greatest when the 
moon was in the quarters of her monthly coui'se.** 
■ The discovery of the Evection, and the reduction of 
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it to the epicyolical theory, waa, for Beveml reasons, an 
important step in Etstronomj; some of these reasons 
may be stated. 

I. It obviously suggested, or confirmed, the suspicion 
that the motions of the heavenly bodies miglit be 
Bnbject to many inequalities; — tliat when one set of 
anomalies had been discovered and reduced to rulc^ 
another set might come into view; — that the discovery 
of a rule was a step to the discovery of deviations from 
the rule, which would require to be expressed in other 
rules; — that in theappUcationof theory to observation, 
tve find, not only the stated phenomena, for which the 
theory does account, but also regidiial phenomena, which 
remain unaccounted for, and stand out beyond the cal- 
culation ; — that thus nature ia not simple and regular, 
by conforming to the simplicity and regularity of our 
hypotheses, but leads us forwards to apparent com- 
plexity, and to an accumulation of rules and relations. 
A &ct like the Evection, explained by an Hypothesis 
like Ptolemy's, tended altogether to discourage any 
disposition to guess at the laws of nature from mere 
ideal views, or from a few phenomena. 

z. The discovery of Evection had an importance 
which did not come into view till long afterwards, in 
being the first of a numerous series of inequalities of 
the moon, which result from the IKaturbing Force of the 
sun. These inequalities were successively discovered; 
and led finally to the establishment of the law of uni- 
versal gravitation. The moon's first inequality arises 
fi-om a different cause; — from the same cause as the 
inequality of the sun's motion ;~from the motion in 
an dlipse, so far as the central attraction is undisturbed 
by any other. This first inequality is called the 
Elliptic Inequality, or, more usually, the Bijuation of 
the CerUer?^ All the planets have such inequalities, 

KDd Ihm made tha CJtMDtrtoity trioity of the Moon's orbit i« 

or the moon u much too great at variable, which i* not the esse, 
the quarters u the observors of ^i The Equation of Iha Center 
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but the Evection is peculiar to the moon. The dis- 
covery of other ioeqitalities of the moou's motion, the 
Variation and Annual Equation, made an immediate 
sequel in the order of the subject to the discoTeries of 
Ptolemy, although separated hya longinterral of timej 
for these discoveries were only made by Tyeho Brahe 
in the sixteenth century. The imperfection of astro- 
nomical instruments was the great cause of this long 
delay. 

3. The Epicyclical Hypothesis was found tatpable of 
accommodating itselfto such new discoveries. These new 
inequalities could be represented by new combinations 
of eccentrics and epicycles: all the real and imaginary 
discoveries of astronomers, up to Copernicus, were 
actually embodied in these hypothes^; Oopemicns, as 
we have said, did not reject such hypotheses^ the lunar 
inequalities which Tycho detected might have been 
similarly exhibited; and even Newton'* represents the 
motion of the moon's apogee by means of an epicycle. 
As a mode of expressing the law of the irregularity, 
and of calculating its results in particular caaca, the 
epicyclical theory was capable of continuing to render 
great service to astronomy, however extensive the pro- 
gress of the science might he. It was, in iact, as we 
have already said, the modern process of representing 
the motion by means of a series of circular functions. 

4. But though the doctrine of eccentrics and epi- 
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f^cles was thus admissible as an Hypothesis, and cou- 
venient ae a means of expressing the laws of the 
heavenly motions, the successive occaaions on which it 
■waa caUed into use, gave no countenance to it aa a 
Theory; that ia, aa a true view of the naUire of these 
motioDS. and their cansea. By the steps of the piugress 
of this Hypothesis, it became more and more complex, 
instead of becoming more simple, which, as we shall 
Bee, was the course of the true Theory. The notions 
concerning the position and connexion of the heavenly 
bodies, which were suggested by one set of phenomena, 
were not confirmed by the indications of another set of 
pheaomena; for instance, those relations of the epi- 
cycles which were adopted to account for the Motiona 
of the heavenly bodies, were not found to fall in with 
the consequences of their apparent Diameters and 
Parallaxes. In reality, as we have said, if the relative 
distances of the sun and moon at different times could 
have been accurately deterrained, the Theory of Epi- 
cycles must have been forthwith overturned. The 
insecurity of such measuremeata alone maintained the 
theory to later times. *^ 

Sect. "J. — Cfinchidon of the History of Greek Aslrmiomy. 

I MIGHT now proceed to give an account of Ptolemy's 
other great step, the determination of the Planetwy 
Orbits; but as this, though in itself very curious, 
would not illustrate any point beyond those already 
noticed, I shall refer to it very briefly. The planets 
all move in ellipses about the sun, aa tiie moon moves 
about the earth; and as the sun apparently moves 
about the earth. They will therefore each have an 
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Elliptic Inequality or Equation of the center, for the 
name reaaon that the sun and moon have Buch ine- 
qualities. And this inequality may be represented, in 
the cases of the planets, just as in the other two, hy 
means of an eccentric; the epicycle, it will he reco!- 
leoted, had already been used in order to represent the 
more obvious ehanges of the planetary motions. To 
determine the amount of the Eccentricities and the 
places of the Apogees of the planetary orbite, was the 
task which Ptolemy undertook ; Hipparchus, ss we 
have seen, having been destitute of the observations 
which auoh a process required. The determination of 
the Eccentrioitiea in these cases involved some pecu- 
liarities which might not at first sight occur to the 
reader. The elliptical motion of the planets tabes 
place about the sun ; but Ptolemy considered their 
movements as altogether independent of the sun, and 
referred them to the earth alone ; and thus the appa- 
rent eccentrioitiea which he had to account for, were 
the compound result of the Eccentricity of the Earth's 
orbit, and of the proper Eccentricity of the orbit of 
the Planet. He explained this result by the received 
mechanism of an eccentric Deferent, carrying an Epi- 
cycle ; but the motion in the Deferent is uniform, not 
ahout the center of the circle, hut about another point, 
the Equani. Without going further into detail, it 
may be sufficient to state that, by a combination of 
Eccentrics and Epicycles, he did account for the 
leading features of these motions; and by using hia 
own observations, compared with more ancient onee, 
(for instance, those of Timocharis for VenuB,) he was 
able to determine the Dimensions and Positions of ths 
Orbite-SB 
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I shall here close my accoant of the astronomical 
progrees of the Greek SchooL My purpose is only to 
illustrate the principles on which the progress of 
science depends, and therefore I have not at all pre- 
tended to touch upon eveiy part of the subject. Some 
portions of the ancient theories, as for instance, the 
mode of accounting for the motions of the moon and 
planets in latitude, are sufficiently analogous to what 
baa been explained, not to require any more especial 
notice. Other parts of the Greek astronomical know- 
ledge, as, for instance, their acquaintance with refrac- 
tion, did not assume any clear or definite form, and 
can only be considered aa the prelude to modem 
discoveries on the same subject. And before we can 
with propriety pass on to these, there is a long and 
remarkable, though unproductive interval, of which 
some account must be given. 

Seet. 8, — Arabian AatrOTUmiy. 

The interval to which I have just alluded may be 
considered as extending from Ptolemy to Copernicus; 
we have no advance in Greek astronomy after the 
former; no signs of a revival of the power of dia- 
coveiy till the latter. During this interval of 1350 
years,'^ the principal cultivators of astronomy were 
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the Arabians, wlio adopted this scieaco from the 
Ch-eeks whom they conqoered, and from -whom the 
conquerofB of western Europe again received back 
their treasure, when the love of science and the ca|ia- 
city for it bad been awakened in their minda. In the 
intervening time, the precious deposit had undergone 
little change. The Arab astronomer had been the 
EicrupulouB bat unprofitable servant, who kept hia 
talent without apparent danger of toss, but also with- 
out prospect of increase. There is little in Arabio 
literature which bears npon the progreis of astronomy; 
but as the little that there is must be considered as a 
sequel to the Greek science, I shall notice one or two 
points before I treat of the stationary period in 
general 

When the sceptre of western Asia had passed into 
the hands of the Ahasside caliphs,*' Bagdad, ' the city 
of peace,' rose to splendour and reiiuement, and became 
the metropolis of science under the suocessors of 
Almansor the Victorious, as Alexandria had been 
under tfje successors of Alexander the Great. Astro- 
nomy attracted peculiarly the favour of the powerful 
as well as the learned j and almost all the culture 
which was bestowed upon the science, appears to have 
had its source in the patroiiage, often also in the 
personal studies, of Saraeeu princes. Under suck 
encouragement, much was done, in those scientifio 
labours which money and rank can command. Trans- 
lations of Greek works were made, large instruments 
were erected, observers wei'e maintained; and accord- 
ingly as observation showed the defects and imper- 
fection of the extant tables of the celestial motions, 
new ones were constructed. Thus under Almansor, 
the Grecian works of science were collected from all 
quarters, and many of them translated into Arabia*' 
The translation of the ' Megiste Syntasis' of Ptolemy, 
which thus became the Almagest, is ascribed to Isaac 
ben Homain in this reign. 

The gi'eatest of the Arabian astronomers comes half 
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ft century later. This ia Albategniua, as lie is com- 
mnuly called; or more exactly, Muhanimed ben Geber 
Albatani, the last appellation indicating tliat he was 
bom at Batan, a city of Mesopotamia.*^ He was a 
Syrian prince, whose residence was at Aracte or Bacha 
in Mesopotamia ; a part of his observations were made 
at Antioch. His work still reninins to us in Latin. 
' After having read,' he says, ' the Syntaxia of Ptolemy, 
and learnt the methods of calculation employed by the 
Greeks, hia observationa led him to conceive that some 
iraprovementa might be made in their results. He 
found it necessary to add to Ptolemy's obfiervations, as 
Ptolemy had added to those of Abmchis' (Hipjiarehua). 
He then published Tables of the motiona of the sun, 
nioou, and planets, which long maintained a high 
reputation. 

These, however, did not prevent the publication of 
others. Under the Caliph Hakem (abont a.d. 1000,) 
Ebon lounis published Tables of the Hun, Moon, and 
Planets, which were hence called the Hakemite Tables. 
Not long after, Arzachel of Toledo published the 
Toletan Tables. In the 13th century, Naair Eddin 
published Tables of the Stars, dedicated to llchan, a 
Tartar prince, and hence termed the Ilchanio Tables. 
Two centuries later, Xllugh Beigh, the grandson of 
Tamerlane, and prince of the countries beyond the 
Osua, was a zealoua practical aatronomw; and his 
Tables, which were published in Europe by Hyde in 
1665, are referred to as important authority by modern 
astronomers. The series of Aati'onomical Tables which 
we have thus noticed, in which, however, many are 
omitted, leads us to the .i-I^AonsiTie Tables, which were 
put forth in 1488, and in succeeding years, under the 
auspices of Alphonso, king of Castile ; and thus brings 
us to the verge of modem astronomy. 

For all these Tables, the Ptolemaic hypotheses were 
employed; ^d, for the most part, without alteration. 
The Aralra sometimes felt the extreme complexity and 
difficulty of the doctrine which they studied ; but their 
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minds did sot possess that kind of inventioii and 
energy by which the philosophers of Europe, at a 
later period, won their way into a simpler and better 

Thus Alpetragius statea, in the outset of his ' Plane- 
tarum Theorica,' that he was at first astonished and 
atupified with this complexity, but that afterwards 
' God was pleased to open to hint the occult secret in 
the theory of his orbs, and to make known to him the 
truth of their essence, and the rectitude of the quality 
of their motion.' His system consists, aecording to 
Delarabre,^ in attributing to the planets a spiral 
motion from east to west, an idea already refuted by 
Ptolemy. Geber of Seville criticizes Ptolemy very 
severely,** but without introducing any essential alte- 
ration into his system. The Arabian observations are 
in many cases valuable; both because they were madti 
with more skill and with better instruments than 
those of the Greeks; and also because they illuBtrate 
the permanence or variability of important elements, 
such aa the obliquity of the echptic and the inclination 
of the moon's orbit 

We must, however, notice one or two peculiar 
Arabian doctrines. The most important of these is 
the discovery of the Motion of the Sun's Apogee by 
Albategnius. He found the Apogee to be in longi- 
tude 82 degrees; Ptolemy had placed it in longitude 
65 degrees. The difference of 17 degrees was beyond 
all limit of probable errour of calculation, though the 
process is not capable of great precision; and the 
inference of the Motion of the Apogee was so obvious, 
that we cannot agree with Delambre, in doubting or 
extenuating tiie claim of Albategnius to this dis- 
coveiy, on the ground of his not having expi-essJy 
stated it. 

In detecting this motion, the Arabian astronomers 
reasoned rightly from facta well observed,' they were 
not always so fortunate. Arzachel, in the iidi cen- 
tuiy, found the apogee of the sun to be less advanceii 
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than Albategnius had found it, by Home degrees; Le 
inferred that it had receded in the intermediate time ; 
but we now know, from an aoqiiaintance with its real 
rate of moving, that the true inference would have 
been, that AlbategniuB, whose method was less trust- 
■wortby than that of Arzachel, had made an errour to 
the amo\mt of the difference thus arising. A curious, 
bot utterly false hypothesis was founded on observa- 
tions thus erroneously appreciated; namely, the Tre- 
pidadon of Hie jiaxd stars. Arzachel conceiyed that a 
uniform Precession of the equinoctial points would not 
account for the apparent changes of position of tlie 
atfu^ and that for this puri>ose, it was necessary to 
conceive two circles of about 8 degrees radius described 
round the equinoctial points of the immoveable epbere, 
and to suppose the first points of Aries and Libra to 
describe the circumferences of these circles in about 
8ao years. This would produce, at one time a pro- 
gression, and at another a regression, of the apparent 
equinoxes, and would moreover change the latitudes of 
the stars. Such a motion is entirely visionary; but 
the doctrine made a sect among astronomers, and was 
adopted in the first edition of the Alphonsine Tables, 
though afterwards rejected. 

An important exception to the general unprogreesive 
character of Arabian science has been pointed out 
recently by M. SedilloL*^ It appears that Mohammed- 
Aboul Wefa-al-Bouzdjani, an Arabian astronomer of 
the tenth century, who resided at Cairo, and observed 
at Bagdad in 975, discovered a third inequality of the 
moon, in addition to the two expounded by Ptolemy, 
the Equation of the Center, and the Evection. This 
third inequality, the Vanalion, is usually supposed to 
have been discovered by Tycho Brahe, six centuries 
later. It is an inequality of the moon's motion, in 
virtue of which she moves quickest when she is at new 
or full, and slowest at the first and third quarter; in 
consequence of this, from the first quarter to the full, 

t- de TABtrOD. Chez l%% AtB,\ff«, 
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she ia behind her mean place; at the fu]l, she doea not 
differ from her mean place; from the full to the third 
quarter, she is before her true place; aud so ou; aui 
the greatest effect of the inequality is in the octaiUg, oc 
points half-way between the four quarters. In an 
Almagest of Aboul Wefe, a part of which exists in the 
Koyal Library at Paris, after describing the two in- 
equalities of the moon, he has a Section ix., ' Of the 
Third Anomaly of the Moon called Mukanal or Proa- 
neuiis.' He there says, that taking cases when the 
moon was in apogee or perigee, and when, consequently, 
the effect of the two first inequalities vanishes, he 
found, by observalion of the moon, when she was nearly 
in trine and in sextile with the sun, that she was a 
degree and a quarter from her calculated p1a«e. ' And 
hence,' he adds, ' I perceived that this anomaly exists 
independently of the two first : and this can oidy take 
place by a declination of the diameter of the epit^fde 
with rrapect to the center of the zodiac' 

We may remark that we have here this inequality 
of the moon made out in a really philosophical manner; 
a residual quantity in the moon's longitude being 
detected by observation, and the cases in which it 
occurs selected and grouped by an inductive effort of 
the mind. The advance is not great; for Aboul We& 
appears only to have detected the exiatencej and not to 
have fixed the law or the exact quantity of the in- 
equality; but still it places the scientific capacity ot 
{he Arabs in a more favourable point of view ^ui 
any circumstance with which we were previously 
acquainted. 

But this discovery of Aboul Wefa appears to have' 
excited no notice among his contemporaries and fol- 
lowers ; at least it had been long quite forgotten when 
Tycho Brahe rediscovered the same lunar inequality/ 
We can hardly help looking upon this circumstance as 
an evidence of a servility of intellect belonging to the' 
Arabian period. The learned Arabians were so little 
in the habit of considering science as progressive, and 
looking with pride and confidence at examples of its 
pivgensa, that they had not tlie cwwaiga ia believe in a 
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discovery which they themaelvea had made, aad were 
dragged back by the chain of authority, even when 
they had advanced beyond their Greek masters. 

As the Arabians took the whole of their theory 
(with Buch slight exceptions as we have been noticing) 
&om the Greeks, they took from them also the mathe- 
matical processes by which the oonaequences of the 
theory were obtained. Arithmetic and Trigonometry, 
two main branches of these processes, received con- 
siderable improvements at their hands. In the former, 
especially, they rendered a service to the world which 
it is difficult to estimate too highly, in abolishing the 
cnmbrons Sexagesimal Arithmetic of the Greeks, and 
introducing the natation by means of the digits i, 2, 
3. 4. 5^ Sp 7i 8, 9, o, which we now employ.*" These 
numerals appear to be of Indian origin, as is acknow- 
ledged by the Arabs themselves; and thus form no 
exception to the sterility of the Arabian genius as to 
great scientific inventions. Another improvement, of 
a subordinate kind, but of great utility, was Arabian, 
being made by Albategnius, He introduced into 
calculation the sifie, or half-chord of the double arc, 
instead of the chord of the arc iteelf, which had been 
employed by the Greek aatronomei-s. There have 
been vaiioua conjectures concerning the origin of the 
word sirte; the moat probable ap]>ears to be that ginua 
is the Latin translation of the Arabic word gib, which 
Hgnifiea a fold, the two halves of the chord being con- 
-ceived to be folded ti^ether. 

The great obligation which Science owes to the 
Arabians, is to have preserved it during a period of 
darkness and desolation, so that Europe might receive 
it back again when the evil days were past. We shall 
see here^er how differently the European intellect 
dealt with this hereditaiy treasure when once recovered. 
Before quitting the subject, we may observe that 
Astronomy brought back, from her sojourn among the 
Arabs, a few terms which may still be perceived in 
her phraseology. Such are the zenith, and the opposite 
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imaginary point, the nadir;— the circles of the sphere 
termed almaeardara and asimiUh circles. The alidad 
of an instrument ia its index, Mrhich possesses an 
angular motion. Some of the atora still retain their 
Arahic names; Aldebaran, Sigel, FoTmUha/ut; jaanj 
others were known by such appellations a little while 
ago. Perhaps the word almanao is the most familiar 
vestige of the Arahian period of astronomy. 



It is foreign to my purpose to note any efforts of 
the intellectual faculties among other nations, which 
may have taken place independently of the great sys- 
tem of progressive European cultnre, from which all 
our existing science is derived. Otherwise I might 
Speak of the astronomy of some of the Orientals, for 
example, the Chinese, who are said, by Montucla 
(i 465), to have discovered the first equation of the 
moon, and the proper motion of the fixed stars (the 
Preceaaion), in the third centuiy of our era. The 
Greeks had made these discoveries 500 years earlier. 
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In vain, in vain ! the all-composing hour 
Besistless falls .... 

As one by one, at dread Medea*s strain, 
The sickening stars fade off th' ethereal plain ; 
As Argus' eyes, by Hermes' wand opprest. 
Closed one by one to everlasting rest ; 
Thus at her felt approach and secret might. 
Art after art goes out, and all is night. 
See skulking Truth to her old cavem fled, 
Mountains of casuistry heaped on her head ; 
Philosophy, that reached the heavens before, 
Shrinks to her hidden cause, and is no more. 
Physic of Metaphysic begs defence. 
And Metaphysic calls for aid to Sense : 
See Mystery to Mathematics fly ! 
In vain ! they gaze, turn giddy, rave, and die. 

Duncictdf B. iv. 




INTRODUCTION". 



WE faciTe now to coosider more cBpecinllj a long 
and ban-en period, which tutervened between 
the scientific activity of ancient Grecoe, and th&t of 
modem Europe ; and which we may, lierefore, call 
the Stationary Period of Science. It would be to no 
purpose to enumerate the various forms in which, 
during these times, men reproduced the distcoveriea of 
the inventive ages ; or to trace in them the email suc- 
cesaea of Art, void of any principle of genuine Philo- 
sophy. Our object requires rather that we should point 
out the general and distinguishing features of the in- 
tellect and habits of those times. We must endeavour 
to delineate the character of the Stationary Period, and, 
as far as possible, to analyze its defects and erroura ; 
and thaa obtain some knowledge of the causes of its 
barrenness and darkness. 

We have already stated, that real scientific progress 
requires distinct general Ideas, applied to many special 
and certain Faeta. In the period of which we now 
have to speak, men's Ideas were obscured, their dis- 
position to bring their genera! views into accordance 
with Facts was enfeebled. They were thus led to 
employ themselves unprofitably, among indistinct and 
unreal notions. And the evil of these tendencies was 
further inflamed, by moral peculiarities in the charac- 
ter of those times; — by an abjectness of thought on 
the one hand, which could not help looking towards 
some intellectual superior, and by an impatience of 
dissent on the other. To this must be added an 
enthusiastic temper, which, when introduced into speou- 
lation, tends to subject the mind's operations to id»u 
aitogetber distorted and delusive. 
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These characteristics of the stationary period, its 
obscurity of thought, its servility^ its intolerant dis- 
position, and its enthusiastic temper, will be treated of 
in the four following chapters, on the Indistinctness of 
Ideas, the Commentatorial Spirit, the Dogmatism, and 
the Mysticism of the Middle Ages. 



CHAPTER I. 



On the Indistinctness of loEAa c 
Ages. 



THAT firm and entire poBsession of certain clear 
and distinct general ideas widch is ncoeasaiy to 
sound science, was the chaiacter of the minds of those 
among the ancients who created the several sciences 
which arose among them. It was indispensable, that 
such inventors should have a luminous and steadfast 
appreliension of certain general relations, such as those 
of space and number, order and cause ; and should be 
able to tipplj these notions with perfect readineis and 
precision to special facts and cases. It is necessary 
that such scientific notions should be more definite and 
precise than those which common language convejs ; 
and in this state of unusual cleornetis, they must be 
so familiar to the philosopher, that they are the Ian- 
gnage in which he thinks. The discoverer is thus led 
to doctrines which other men adopt and follow out, 
in proportion as they seize the fundamental ideas, and 
become acquainted witlt the leading facts. Thus Hip- 
parchua, conceiving clearly the motions and combina- 
tions of motion which enter into his theory, saw that 
the relative lengths of the seasons were sufficient data 
for determining the form of the sun's orbit ; thus 
Archimedes, possessing a steady notion of mechanical 
preesure, was able, not only to deduce the properties 
of the lever and of the center of gravity, but also to 
Bee the truth of those principles respecting the dis- 
tribution of pressure in fiuids, on which the science of 
bydroatatica depends. 

Witlt the progress of such distinct ideas, the induc- 
tive sciences rise and flourish ; with the decay and loss 
of such distinct ideas, these sciences become stationary, 
languid, and retrogi-ade. When men merely repeat 
" science, without attaching to "tbem a.'o.'^ 
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clear conceptions ; — when their apprehensions become 
vague and dim ;— when they assent to scientific doc- 
trines as a matter of tradition, rather than of convic- 
tion, on trust rather than on eight ; — when science is 
considered as a collection of opinions, rather than a 
record of laws by which the universe iBreallygovemedj 
— it must inevitably happen, that men will lose their 
hold on the knowledge which the great diBcoverera 
who preceded them have brought to light. They are 
not able to push forwards the truths on which they 
lay 80 feeble and irresolute a hand ; probably they 
cannot even prevent their xHding back towai'ds the 
obscurity from which they had been drawn, or firom 
being lost altt^ether. Sitch iudistinctneBS and vacil- 
lation of thought ap])eiir to have prevailed in the 
stationary period, and to be, in fact, intimately con- 
nected with its stationaiy character. I shall point 
out some indications of the intellectual peculiarity of 
which I npeak. 

I. OoUeclions of Opiniojta.—Th^ fact, that mere Col- 
lections of the opinions of jjhysical philosophers came 
to hold a prominent place in literature, already indi- 
cated a tendency to an indistinct and wandering appre- 
hension of such opinions. I speak of such works at 
Plutarch's five Books ' on the Opinions of Philosophera,' 
or the physical opinions which Diogenes Laertius gives 
in his ' Lives of the Philosophera.' At an earlier 
period still, books of this kind appear ; as for instance^ 
a large portion of Pliny's Natural History, a work 
which has very appropriately been called the Encydo- 
peedia of Antiquity; even Aristotle himself is mucli 
in the habit of enumerating the opinions of those whO' 
had preceded him. To present such statements as in 
important part of physical philosophy, shows an errO' 
ueous and loose apprehension of its nature. Por the 
only proof of which its doctrines admit, is the possibility 
of applying the geneml theory to e^ch particular case: 
the authority of great men, which in moral and prac- 
tical matters may or must have its weight, is here of 
no force ; and the technical precision of ideas which 
tie terms of a soimd \)\i5bwsi,\ \.N\e.ov3 a)s>mJlVj 
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renders a mere atatement of the doctrines very imper- 
fectlj intelligible to readers familiar with common 
notions only. To dwell upon such collections of 
opinions, therefore, both implies, and produces, in 
writers BJid readers, an obscure and inadequate appre- 
hension of the full meaning of the doctrines thiis 
collected ; supposing there be among them any which 
really possess such a clearness, solidity, and reality, 
an to make them important in the history of science. 
Such diversities of opinion convey no truth ; such a 
multiplicity of statements of what has been gaid, in 
no degree teaches us what is; such acouraulations of 
indistinct notions, however vast and varied, do not 
make up one distinct idea. On the contrary, the habit 
of dwelling upon the verbal espreaaiona of the views 
of other persons, and of being content with such an 
apprehension of doctrines as a transient notice can 
give iiB, is fatal to firm and clear thought: it indicates 
wavering and feeble conceptions, which are inconsistent 
with sound physical speculation. 

We may, therefore, consiiier the prevalence of Col- 
lections of the kind just referred to, as indicating a 
deficiency of philosophical talent in the ages now under 
review. As evidence of the same character, we may 
add the long train of publishers of Abstracts, Epitomes, 
Bibliographical Notices, and similar writers. Ail such 
writers are worthless for all purposes of ecience, and 
their labours may be considered as dead works ; tbey 
have in them no principle of philosophical vitality; 
they draw their origin and nutriment from the death 
of true physical knowledge ; and resemble the swarms 
of insects that are born &om the perishing carcass of 
some nobler animal. 

2. Jmhstinclneia of Ideas in Mechanics. — But the 
indistinctness of thought which is so fabil a feature in. 
tha intellect of the stationary period, may be traced 
more directly in the works, even of the best authors, 
of those times. We find that they did not retain 
steadily the ideas on which the scientific success of the 
previous period had depended. For instance, it ia a. 
jemariflWe cireumstnnce in the Iiiiitorj o£ tW acieatfe 
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of Mechanics, that it did not make anj adTaace fhn 
the time of Archimedes to that of Stevinna ud 
Galileo. Archimedes had established the doctrine of 
the lerer; several persons tried, in the intennedistB 
time, to prove the property of the inclined plane^ and 
none of them succeeded. Bat let us look to the at- 
temptn; for example, that of Pappus, in the dghth 
Book of bis Mathematical Collections, and ve ma; «e< 
the reason of ihe fkilore. His Problem shows, in the 
very terms in which it is propounded, the want of ■ 
clear apprehension of the subject. 'Having given the 
power which will draw a given weight along a hori- 
zontal jilane, to find the additional power which will 
draw the same weight along a given inclined plane.' 
This is proposed without previously defining how 
Powers, producing such effects, are to be measured; 
and as if the speed with which the body were drawn, 
and the nature of the sur&ce of the plane, were of do 
consequence. The proper elementary Problem is, To 
find the force which wiU support a body on a smooth 
inclined plane; and no doubt the solntion of Pappus has 
more reference to this problem than to bis own. His 
reasoning is, however, totally at variance with me- 
chanical ideas on any view of the problem. He sii]>- 
poses the weight to be formed into a sphere ; and this 
Bjihere being placed in contact srith the inclined plane, 
he assumes that the etfect will be the same as if th« 
weight were supported on a horizontal lever, the fulcrum 
being the point of contact of the sphere with the plane, 
and the power acting at the circumference of the 
sphere. Such an assumption implies an entire abaenofl 
of thoBe distinct ideas of force and mechanical pressure, 
on which our perception of the identity or difference 
of different modes of action must depend; — of thow 
ideas by the help of which Archimedes had beeu able 
to demonstrate the properties of the lever, and Ste- 
vinufl afterwards discovered the true solution of the 
problem of the inclined plane. The motive to Pappus's 
assumption was probably no more than this; — -he per- 
ceived that the additional power, which he thus ob- 
iaj'ned, vanished w\ien. \\ie -jXaQe \wK».\ae toriaontal, 
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and increased as the inclination became greater. Thus 
a Tague; he had do clear conception of 
mechanical action, and he tried a geometrical conjecture. 
This ia not the way to real knowledge. 

PappuB (who lived about A. D. 400) was one of the 
best mathematiciiins of the Alexandrian school; and, 
on subjects where his ideas were so indistinct, it is not 
likely that any much clearer were to be found in the 
minds of his contemporaries. Accordingly, on all aub- 
jectiB of speculative mechanics, there appears to have 
been an entire confusion and obscurity of thought till 
modem times. Men's minds were busy in endeavour 
ing to systematize the distinctions and subtleties of 
the Aristotelian school, concerning Motion and Power ; 
and, being thus employed among doctrines in which 
there was involved no definite meaning cajjable of real 
exemplification, they, of course, could not acquire 
Bound physical knowledge. We have already seen 
that the physical opinions of Aristotle, even as they 
came &om him, had no proper scientific precision. 
His foUowera, in their endeavours to perfect and de- 
velop his statements, never attempted to introduce 
clearer ideas than those of their master; and aa they 
never referred, in any steady manner, to fects, the 
vagueness of their notions was not corrected by any 
collision with observation. The physical doctrines 
which they extracted from Aristotle were, in the course 
of time, built up into a regular system; and though 
these doctrines could not be followed into a practi- 
cal application without introducing distinctions and 
changes, such as deprived the terms of all steady aig- 
nification, the dogmas continued to be repeated, tUt 
the worid was persuaded that they were self-evident ; 
and when, at a later period, experimental philosophers, 
such as Galileo and Eoyle, ventured to contradict 
these current maxims, their new principles sounded in 
men's ears as strange as they now sound familiar. 
Thus Boyle promulgated hia opinions on the mechanics 
of fluids, aa ' Hydrostatical Paradoxes, proved and 
illustrated by experiments.' And the opinions whicb 
he there opposes, are those which the Ariatolefcrn ■^\fl.- 
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losopliere habitually propounded as certain and mdi»-'j 
putable; such, for instance, as tliat 'in fluids th»J 
upper parts do not gravitate on the lower;' that 'k 
lighter fluid will not gravitate on a heavier;' that [ 
' levity is a positive quality of hodiea as well as gravity.'] 
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thus they long evaded refutation, amid the vagufl 
notions and undoubting habits of the stationaiy 
period. But when the controversies of Galileo's timfti 
had made men think with more acuteness and steadi-J 
ness, it was discovered that many of these doctrinefW 
were inconsistent with themselves, as well as witW 
experiment. We have an example of the confusion oCj 
thought to which the Aristotelians wore liable, in theiti 
doctrine concerning falling bodies. ' Heavy bodie^'j 
said they, ' must fait quicker than light ones ; for weight^ 
is the cause of their iall, and the weight of the great»1 
bodies is greater.' They did not perceive that, if thm 
considered the weight of the body as a power acting 
to produce motion, they must consider the body itselCl 
as offering a resistance to motion; and that the effeoM 
must depend on the proportion of the power to thM 
resistance ; in short, they had no clear idea of oeueb^ 
rating force. This defect runs through all their mechftJ 
nical speculations, and renders them entirely v&luelesai, 
We may exemplify the same confusion of thought^ 
on mechanical subjects in writers of a less teohnioalU 
character. Thus, if men had any distinct idea oP 
mechanical action, they could not have accepted for ai 
moment the fable of the Echineis or Remora, a littlfid 
flsh which was said to be able to stop a large shipn 
merely by sticking to it.*- Lucan refers to this legendl 
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poetical manner, and notices this creature ocl; in 
bringing together a, collection of monstrosities; but 
Pliny relates the tale gi-avely, and moralizes upon it 
after his manner, 'What,' he cries,^ 'is more violent 
tJian the sea and the winda? what, a gi'eater work of 
■irt than a sJiipi Yet one little fiah (the Eciiiueis) can 
liold back all these when they all strain the same way. 
The winds may blow, the waves may rage; but this 
small creature controls their fury, and stops a vessel, 
when chains and anchors would not hold it : and this 
it does, not by hard labour, but merely by adhering to 
it Alaa, for human vanity! when the turretted ships 
■which man has biiiJt, that he may fight from caatle- 
■walls, at sea as well as at land, are held captive and 
motionless by a fish a foot and a half long. Such a fish 
is said to have stopt the admiral's ship at the battle of 
Actium, and compelled Antony to go into another. 
And in our own memory, one of these animals held 
&st the ship of Caius, the emperor, when he was sailing 
&om Astura to Antinm. The stopping of this ship, 
when all the rest of the fleet went on, caused suipri/e; 
but this did not last long, for some of the men jumped 
into the water to look for the fish, and found it sticking 
to the rudder; they showed it to Caius, who was indig- 
nant that this animal should interpose its prohibition 
to his progress, when impelled by four hundred rowers. 
It was like a slug; and had no power, after it waa 
taken into the ship.' 

A very little advance in the power of thinking 
dearly on the force which it exerted in pulling, would 
iave enabled the Romans to see, that the ship and its 
zowers must pull the adhering fish by the hold the oars 
had upon the water; and that, except the fish had a 
hold equally strong on some external body, it could cot 
resist tills force. 

3. Indistinetnegs of Ideas shoum in ArehiUcture.— 
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Perhaps it may serve to illusti-ate still fiirther the 
extent to which, under the Eoman empire, men's 
notions of mechanical relations became faint, wavered, 
and disappeared, if we obaerye the change which took 
place in architecture. Ail architecture, to possess 
genuine beauty, must be mechanically consistent. The 
decorative members must represent a structure which 
has in it a principle of support and stability. Thus 
the Grecian colonnade waa a straight horizontal beam, 
resting on vertical props ; and the pediment imitated & 
frame like a roo^ where oppositely- inclined beams sup- 
port each other. These forms of buUding were, there- 
fore, proper models of art, because they implied sup- 
porting forces. But to he content with colonnades and 
pediments, which, though they imitated the forms of 
the Grecian onea, were destitute of their mechanical 
truth, belonged to the decline of art ; and showed that 
men had lost the idea offeree, and retained only that of 
shape. Yet this was what the architects of the Roman 
empire did. Under their hands, the pediment was 
severed at its vertex, and divided into sepirate halves, 
so that it was no longer a mechanical possibility. The 
entablature no longer lay straight from pillar to pillar, 
but, projecting over each column, turned back to the 
wall, and adhered to it in the intervening space. The 
splendid remains of Palmyra, Ealbec, Petra, exhibit 
endless examples of this kind of perverse inventiveness; 
and show us, very instructively, how the decay of ait 
and of science alike accompany this indistinctness of 
ideas which we are endeavouring to illustrate. 

4. Indislvruitne^s of Ideas in Agtronomy. — Ketum- 
ing to the sciences, it may be supposed, at first dgh^ 
that, with regard to astronomy, we have not the s&ma 
ground for charging the stationary period with indis- 
tinctness of ideas on that subject, since they were able 
to acquire and verify, and, in some measure, to apply, 
the doctrines previously established. And, undoubtedly, 
it must be confessed that men's notions of the relations 
o£ space and number are never very indistinct. It 
appears to he impossible for these chains of elementaiy 
jierceptioE ever to be louct entan^Xe-i. Tke bAav Greeksj 



the I 



INDISTINCTNESS OF IDEAS. 191 

the Arabians, and the earliest modem astronomers, 
must have conceived the hypotheses of the Ptolereaic 
system with tolerable completeness. And yet, we may 
assert, that, during the stationary period, men did not 
possess the notions, even of space and number, in that 
vivid and vigorous manner which enables thorn to dis- 
cover new truths. If they had perceived distinctly 
that the astronomical theorist had merely to do with 
relative motions, they must have been led to see the 
possibility, at least, of the Copemicon system; as the 
Greeks, at an eaj-lier period, had already perceived it. 
We find no trace of this. Indeed the mode in which 
the Arabian mathematicians present the solutions of 
their problems, does not indicate that clear apprehen- 
sion of the relations of space, and that delight in the 
contemplation of them, which the Greek geometrical 
speculations imply. The Arabs are in the habit of 
giving ooneliisions without demonstrations, precepts 
withoat the investigations by which they are obtainedj 
Bs if their main abject were practical rather than 
speculative, — the calculation of results rather than the 
exposition of theory. Deiambre^ has been obliged to 
exercise great ingenuity, in order to discover the 
method by which Ibn lounis proved his solution of 
certain difficult problems. 

5. Indulinctiiess of Ideas altown hy Skeptics. — The 
same unsteadiness of ideas which prevents men from 
obtaining clear views, and steady and just convictions, 
on special subjects, may lead them to despair of or 
deny the possibility of acquiring certainty at all, and 
may thus make them skeptics with regard to all know- 
ledge. Snch skeptics are themselves men of indistinct 
views, for they could not otherwise avoid assenting to 
the demonstrated truths of science; and, so far as they 
may be taken as specimens of their contemporaries, 
they prove that indistinct ideas prevail in the age in 
'which they appear. In the stationary period, more- 
over, the indefinite speculations and unprofitable sub- 
tleties of the schools might further impel a man of 
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bold and acutu mind to this ntuversal skepticiam, 
because they offared nothing which could fix or satisfy 
him. And thus the Bkeptical spirit may deserve our 
notice as indicatiTe of t)ie detects of a, syHtem of 
doctrine too feeble in demonstistion to control sack 
resistance. 

The most remarkable of these philosophicaJ skeptios 
is Sextns Empiricus ; so called, iroja his belonging to 
that medical sect which was termed the enipineai, 
in contradistinction to the rational and met/iodicat 
sects. His works contain a series of treatises, directed 
against all the divisions of the science of hia time. Ha 
haa chapters i^ainst the Geometers, against the Arith- 
meticians, against the Astrologers, against the Musi- 
cianfi, as well as against Grammarians, Rhetoricians eai 
Logicians^ and, in short, as a modern writer has a&id, 
his skepticism is employed as a sort of frame-work 
which embraces an encyclopedical view of humaa 
knowledga It must be stated, however, that hii 
objections are rather to the metaphysical ground^ 
than to the details of the sciences ; he rather denies 
the possibility of speculative truth in general, than tha 
experimental truths which had been then obtained. 
Thus his objections to geometry and arithmetic are 
founded on abstract cavils concerning the nature of 
points, letters, unities, ic. And when he comes to 
speak against astrology, be says, ' I am not going b) 
consider that perfect science which rests upon geometry 
and arithmetic^ for I have already shown the weat 
ness of those sciences ; nor that faculty of prediction 
{of the motions of the heavens) which belongs to the 
pupils of Eudoxus, and Hipparchns, and the reat, 
■which some call Astronomy ; for that is an observation 
of phenomena, like agriculture or navigation; but 
against the Art of Prediction from the time of birth, 
which the Chaldeans exercise.' Sextus, therefore, 
though a skeptic by profession, was not inaenaible to 
the difference between experimental knowledge and 
mystical dogmas, though oven the former had nothing 
which excited his admiration. 

The skepticiam "«biii\i denies the evidence of the 
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trutba of which the best established physical sciences 
consist, must neeesaarily involve a very indistinct ap- 
prehension of those truths; for such truths, properly 
exhibited, contain their own evidence, and are the 
laeat antidote to this skepticism. But an incredulity 
or contempt towards the asserted truths of physical 
scieDCe may arise also from the attention heing mainly 
directed to the certainty and importance of religiouB 
tmthB. A veneration for revealed religion may thiis 
assum.e the aspect of a. skepticism with regard to 
natural knowledge. Such appears to be the case with 
Algazel or Algezeli, who is adduced hy Degerando* 
as an example of an Arabian skeptic. He was a cele- 
brated teacher at Bagdad in the eleventh century, and 
he declared' himself the enemy, not only of the mixed 
Peripatetic and Platonic philosophy of the time, hut 
of Aristotle himself. His work entitled The De- 
structions of tlte Philosophers, is known to us by the 
re&tation of it which Averrhoes published, under the 
title of Destruction of AlgazeCa DeatTUctions of Oie Phi- 
losopAers. It appears that lie contested the funda- 
mental principles both of the Platonic and of the 
Aristotelian schools, and denied the possibility of a 
known connexioa between cause and effect ; thus 
making a prelude, says Degerando, to the celebrated 
argumentation of Hume. 

[2nd EW.] Since the publication of my first edition, an 
ftccoant of Algazel or Algazzali and his works hits been 
published under the title of Estai swr lea Eoolea PhOoso- 
p/Uques chez lee Arabes, et nolamment sur la Doctrine 
tTAlgaeztUi, par August Schmoldera. Paris. 1842. 
Prom this book it appears that Degerando's account of 
Algazzali is correct, when he says^ thai ' his skepticism 
Eeems to have essentially for its object to destroy all 
systems of mei-ely rational theology, in order to open 
an indefinite csreer, not only to faith guided by reve- 
lation, but also to the tree exaltation of a mystical 
enthusiasm.' It is remarked by Dr. Schmoldera, fol- 
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lowing M. de Hammer-Poi^stall, that tfae title of tie 
work referred to in the teit ooght rather t« be Mutual 
RefiUation of tin Fhilotophrrs : and that its object ia 
to show that Philosophy con^sts of a mass of systemn, 
each of which overturns the others. The work o( 
Algazzali which Dr. Schmolders has published. On the 
ErrmufM o/fiectg, ite., contains a kind of autobiographical 
account of the way in which the author was led to his 
views. He does not reject the truths of science, but 
he condemns the mental habits which are caused bv 
laying too much stress upon science. Religious men, 
he says, are, by such a course, led to reject all science, 
even what relates to eclipses of the moon and sun ; and 
men of science are led to hate religion.' 

6. Neglect of Phygical Reasoniitg in Ckritifendom. — - 
If the ArabiaDB, who, during the ^ee of which we are 
speaking, were the most eminent cultivatorE of science, 
entertained only such comparatively feeble and servile 
notions of ite doctrines, it will easily be supposed, that 
in the Christendom of that period, where physical 
knowledge was comparatively neglected, there was still 
less distinctnesB and vividness in the prevalent ideas 
on such subjects. Indeed, during a considerable period 
of the history of the Christian church, and by many rf 
ite principal authorities, the study of natural philosophy 
was not only disregarded but discommended. The 
great prfLCtical doctrines which were presented to m^a 
minds, and the serious tasks, of the regulation of the 
will and affections, which religion impressed upon 
them, ma^le inquiries of mei'e curiosity seem to be a 
reprehensible misapplication of human powers; and 
many of the fathers of the church revived, in a slifi 
more peremptory form, the opinion of Socrates, that 
the only valuable philosophy is that which teaches us 
our moral duties and religious liopes.' Thus Euaebius 
says,* ' It is not through ignorance of the things ad- 
mired by them, but through contempt of their uselest 
labour, that we think little of these matters, turning 
our souls to the exercise of better things.' When the 
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tlioiiglits were thus intentionally averted from those 
ideas ■which natural philosophy involves, the ideas ine- 
vitably became very indistinct in their minds; and 
they could not conceive that any other persona could 
find, on such subjects, grounds of clear conviction and 
certainty. Tliey held the whole of their philowopliy to 
be, as lactantiua^ asserts it to be, ' empty and false.' 
'To search,' says ho, 'for the causes of natural things; 
to inquire whether the sun be as large as he seems, 
whether the moon is convex or concave, whether the 
stars are fixed in the sky or float freely in the air; 
of what size and of what material are the heavens; 
whether they be at rest or in motion; what is the 
magnitude of the earth; 011 what foundations it is 
suspended and balanced; — to dispute and conjecture 
on such matters, is Just as if we chose to discuss what 
we think of a city in a remote country, of which we 
never heard but the name.' It is impossible to 
express more forcibly that absence of any definite 
notions on physical suiijects which led to this tone of 
tliought. 

7t Queslion of Antipodes. — With such habits of 
thought, we are not to be surprised if the relations 
resulting from the best established theories were appre- 
hended in an imperfect and incongruous manner. We 
have some remarkable examples of this; and a veiy 
notable one is the celebrated question of the existence 
of Anlipodee, or persons inhabiting the opposite side of 
the globe of the earth, and consequently having the 
fiolea of their feet directly opposed to ours. The 
doctrine of the globular form of the eartli results, as 
we have seen, by a geometrical necessity, from a clear 
conception of the various points of knowledge which 
we obtain, bearing upon that subject. This doctrine 
waa held distinctly by the Greeks ; it was adopted by 
all astronomerH, Arabian and European, who followed 
tbem; and was, in fa<:t, an inevitable part of every 
^stem of astronomy which gave a consistent and in- 
teUigible representation of phenomena. But thi 
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who did not call before their minds any distinct 
representation at all, and who referred the whole 
question to other rRlations than those of space, might 
atiU deny this doctrine; and they did so. The 
existence of inhabitants on the opposite aide of the 
terraqueous globe, was a fact of which experience 
alone could teach the truth or falsehood; but the 
religious relations, which extend alike to all mftn- 
kiud, were supposed to give the Christian philo- 
sopher grounds for deciding against the possibility of 
Buch a race of men. Lactantiusi" in the fourth century, 
argues this matter, in a way very iUustrative of that 
impatience of such speculations, and consequent coit' 
fusion of thought which we have mentioned- ' Is it 
possible,' he says, 'that men can be so absurd as to 
believe that the crops and trees on the other side of 
the earth hang downwards, and that men there have 
their feet higher than their heads! If yon ask of them 
how they defend these monstrosities!— -how things do 
not fall away from the earth on that side! they reply, 
that the nature of things is such that heavy bodies 
tend towards the center, like the spokes of a wheel, 
while light bodies, as clouds, smoke, lire, tend from 
the center towards the heavens on all sides. Now I 
am really at a loss what to say of those who, when 
they have onee gone wrong, steadily persevere in their 
foUy, and defend one absurd opinion by another.' It 
is obvions that so long as the writer refused to admit 
into his thoughts the fundamental conception of their 
theory, he must needs be at a loss what to say to their 
arguments, without being on that account in any degree 
convinced of their doctrines. 

In the sixth century, indeed, in the reign of Jus- 
tinian, we find a writer {Cosnias Indicopjeustes^') who 
does not rest in this obscurity of representation ; but 
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in tliis coae, tbe diatinctnesa of his ptcturea aalj 
to show Ilia want of any clear conception, aa to what 
Buppositiona would eaplain the phenomena. He de- 
scribes the earth as an oblong floor, surrounded by 
upright walls, and covered by a vault, below which 
tbe heavenly bodies perform their revolutions, going 
round a certain high mountain, which occupies the 
northern |tarta of the earth, and makes night by inter- 
cepting the light of the aun. In Aiiguatin'^ (who 
flouriahed A.D. 400) the opinion is treated on other 
grounds ; and without denying the globular form of 
the earth, it in asserted that there are no inhabitants 
on the opposite aide, because no such race is recorded 
by Scripture among the descendants of Adam.'' Con- 
siderationa of the same kind operated in the well- 
known instance of Virgil, Bishop of Salzburg, in the 
eighth century. When he was reported to Boniface, 
Archbiahop of Mentz, aa holding the existence of Anti- 
podes, the prelate waa shocked at the assumption, as 
it seemed to him, of a world of human beings, out of 
the reach of the conditions of salvation ; and applica- 
tion was made to Pope Zachary for a censure of the 
holder of tliis dangerous doctrine. It does not, how- 
ever, appear that this led to any severity j and tlie 
story of the depoaition of Vii-gil irom hia bishopric, 
'which is circulated by Kepler and by more modem 
writers, is undoubtedly altogether false. The same 
scroplee continued to prevail among Christian writers 
to a hiter period ; and Toatatus'* notes the opinion 
of the rotundity of the earth as an ' unsafe' doctrine, 
only a few yeai-s before Columbua viaited the other 
hemisphere. 



u civ. D. xvi. 9. inlorprEtalion of the visiDni 'Al 

"• It apiKBTs however that vero qui phllosopborqm BtollBi 

acriplonil lUgumentB were found Mquuntur dapienliam, duo horn 

nya (Comin. i» EtecH-ts ).Bpeak- noi et Bntipodee, guui eupiniM 1 

ing of the two Bheruhims with four cadrnteii bomLnea susplcantur." 
faeea. Keuby tliEproplii^l,iiD(l the '< MoBtfaiic, Fair i.^i. 
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8, Inldlectual Condition of iJie Religioue Orders. — 
It must be recollected, however, tliftt though, these 
■were the views and tenets of many religious writers, 
and though they may be taken as indications of the 
prevalent and chai-acteristic temper of the times of 
which we speak, they never were universal. Such a 
confusion of thought affects the minds of many 
persons, even in the most enlightened times; and in 
what we call the Dark Ages, though clear views on 
such subjects might he more rare, those who gave their 
minds to science, entertained the true opinion of tlie 
figure of the earth. Thus Boethius^^ (in tlie sixth 
century) ui^es the smallnesa of the globe of the earth, 
compared with the heuvciis, as a reason to repress Dor 
love of gloiy. This work, it will be recollected, waa 
traualated into the Anglo-Saxon by our own Alfred. 
It was also commented on by Bede, who, in what he 
says on this passage, assents to the doctrine, and shows 
an acquaintance with Ptolemy and his commentators, 
both Arabian and Greek. Gierbert, in the tenth cen- 
tury, went from France to Spain to study astronomy 
with the Arabians, and soon surpassed his masters. 
He is reported to have ikhricated clocks, and an astnv 
labe of peculiar constniction. Gerbert afterwards, (in 
the last year of the first thousand from the birth of 
Clirist,) became pope, by the name of Sylvester H. 
Among other cultivators of the sciences, some of 
whom, from their pi-oiiciency, must have possessed 
with considerable clearness and Hteadiuess the elemeu* 
tary ideas on which it depends, we may here mention, 
after Montncla,'* Adelbold, whose work On the Sphere 
was addressed to Pope Sylvester, and whose geometrical 
reasonings are. according to Montucia,'' vague and 
chimerical; Hermann Contractus, a monk of St. Oall, 
who, in 1050, published astronomical works; William 
of Hirsaugen, who followed this example in 1080; 
Eobert of Lorraine, who was made Bishop of Hereford 
by William the Conqueror, in consequence of his 
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astronoraical knowledge. In tlie next century, Adel- 
Lard Goth, an Englialiman, travelled among the Araba 
for purposes of study, as Gerbert had done in the pre- 
ceding age ; and on his return, ti'snalatfid the Elements 
of Euclid, which he had brought fi-om Spain or Egypt. 
Robert Grostete, Bishop of Lincoln, was the author of 
an Epitome on the Sphere; Hoger Bacon, in his 
youth the contemporary of Robert, and of his brother 
Adam Marsh, praLaea very highly their knowledge in 
mathematics. 

' And here,' aays the French historian of mathe- 
matics, whom I have followed in the preceding rela- 
tion, ' it is impossible not to reSect that all those men 
■who, if they did not augment the treasure of the 
sciences, at least served to transmit it, were monks, or 
had been such originally. Convents were, during 
these stormy ages, the asylum of sciences aud letters. 
Without these religious men, who, in the silence of 
their monasteries, occupied themselves in transcribing, 
in. studying, aud in imitating the works of the ancients, 
well or ill, those works would have perished; perhaps 
Dot one of tbem would have come down to us. The 
thread which connects us with the Greeks and Romans 
would have been snapt asunder; the precious produc- 
tions of ancient literature would no more exist for us, 
than the works, if any there were, published before 
the catastrophe that annihilated that highly scientific 
nation, which, according to Bailly, existed in remote 
agea in the center of Tart«ry, or at the roots of 
Caucasus. In the sciences we should have had all to 
create; and at the moment wheu the human mind 
filiould have emerged from its stupor and shaken off 
its slumbers, we should have been uo more advanced 
than the Greeks were after the taking of Troy." He 
adds, that this consideration inspires feelings towards 
the religions orders very differeat from those which, 
when he wrote, were prevalent among his countrymen. 

Except so fe,r as their religious opinions interfered, 
it was natural that men who lived a life of quiet and 
Biudy, and were necessarily in a great nveoaure removed 
tram the absorbiug and blindiii5 inteTeata ■Si\\^ "«\i\iiNv 
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practical life occupies the thoughta, ahould cultivate 
Bcieuce more auccesafuUj tliaD others, pi-eciscly becanEe 
their ideas on speculative subjects bad time and 
opportunity to become clear and steady. The studies 
vhich were cultivated under the name of the Seven 
Liberal Arts neces^rily tended to favour this effect. 
The Tri-Bium^^ indeed, which consisted of Grainmar, 
Logic, aud Bhetorio, had no direct beariug upon those 
ideas with which physical science is concerned; but 
the Quadrivium, Music, Arithmetic, Geometry, Astro- 
nomy, could not be pursued with any attention, with- 
out a corresponding improvement of the mind for 
purposes of sound knowledge." 

g. J'opular Opinions. — That, eveu in the best intel- 
lects, something was wanting to fit them for scientific 
progress and discovery, is obvious from the &ot that 
science was so long absolutely stationary. And I have 
endeavoured to show that one part of this deficiency 
was the want of the requisite deaniess and vigour of 
the iundamental scientific ideas. If theae were want- 
ing, even in the moat powerful and most cultivated 
minds, we may easily conceive that still greater con- 
fusion and obscurity prevailed in the common class of 
mankind. They actually adopted the belief, however 
crude and inconsistent, that the form of the earth and 
lieavens really is what at any place it appears to he; 
that the earth is flat, and the waters of the sky sus- 
tained above a material floor, through which in 
showers they descend. Yet the true dootrineB of 
astronomy appear to have bad some popular circula- 
tion. For instance, a French poem of the time of 
Edward the Second, called Tmage du Monde, contains 
a metrical acconnt of the earth and heavens, aooording 
to the Ptolemaio views; and in a manuscript of this 
poem, preserved in the library of the University of 

IS Hoger Bacon, in h]e Speetda negUgcnUg jam prr trlgitila wl 
miUliematica, CBP-U taJB. 'HMTini jii»Jni^«(n oiuiM deatrnilt totom 
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Cambridge, there aie representations, in accordance 
'with the test, of a spherical earth, with men standing 
upright upon it on every side : and by way of illus- 
trating the tendency of aJJ things to the center, per- 
forations of the earth, entirely through its mass, are 
described and depicted ; and figures are exhibited 
dropping balls down eacb of these holes, ro as to meet 
in the iuterior. And, as bearing upon the perplexity 
which attends the motions of up and down, when 
applied to the globular earth, and the change of the 
direction of gravity which would occur in passing the 
center, the readers of Dante will recollect the extra- 
ordiuory maimer in which the poet and his guide 
emerge from the bottom of the abyss ; and the ex~ 
planation which Virgil imparts to him of what he 
there sees. After they have crept through the aper- 
ture in which Lucifer is placed, the poet says, 
* lo leTU gli occhi e credetti redere 

Lndfero com' io 1' uvea la^iatu, 

S TidilB le gambe in bu tanere. ' 

' Quest] cume 6 £tto 

Bi aoUasopra f . . . . 

' Qnsndo mi vobi, to paaaaBt' il panto 

Al qiml ei traggon d' ogni parte > pesi. ' 

Infenio, ixiiT. 

Beliering that 1 Lucifer ahunld h«b 
Where he waa lately left, but saw him now 
WitL legs held upward.' .... 
' Hew Btandeth he in posture thus leveised T 

'Thon wast on the other ade bo long as I 
DeBcendBd ; when I taraed, thou didst o'erpuis 
That point to which from erery part U dragged 
All heavy anbstajLce.' Cart. 

This ia more philosophical than Milton's representa- 
tion, in a more Mientifio age, of Uriel sliding to the 
earth on a sun-beam, and shding back t^ain, when the 
Bun had sunk below the horizon. 

' Uriel to Ilia charge 

Boturaed on that bright beam whose point now raised, 
Bore him slope dowawsni tu the sun, now M\«a 
Saaeatb the Aiorea.' Par. Lo«t,'fi.\^, 



: 
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The philosophical notions of up and down are too 
much at variance with the obvious suggestions of ou 
senses, to be held steadily and justly by minda mdii 
ciplined in science. Perhaps it was some misundeniooc 
statement of the curved surface of the ooean, iddd 
gave rise to the tradition of there being a part of l£ 
sea directly over the earth, from which at tinisi 
object has been known to fall, or an anchor to bfli] 
down. Even such whimsical fancies are not 
instruction, and may serve to show the reader 
that vagueness and obscurity of idead is, of 
have been endeavouring to trace the preyalenoe 
dark ages. 

We now proceed to another of the feature! 
appears to me to mark, in a very prominent 
the character of the stationary period. 



CHAPTER II. 

TUE COMHEHTATOEIAL SpIRIT OF THE MldDLE AgES. 

WE have already noticed, that, after the first great 
achievementa of the founders of Bound ajiecula- 
tion, in the different departmeuta of liuman knowledge, 
had attracted the interest and admiration which those 
who became acquainted with them could not but give 
to them, there appeared a diapoaition amoug men to 
lean on the authority of some of these teachers ; — to 
study the opinions of others as the only mode of 
forming their own; — to read nature through books; — 
to attend to what had been already thought and said, 
rather than to what really is and happens. This 
tendency of men's minds requires our particular con- 
sideration. Its manifestations were very important, 
tnd highly characteristic of the stationary period; it 
jave, in a great degree, a peculiar biaa and direction to 
the intellectual activity of many centuries; and the 
kind of labour with which apecularive men were 
occupied in coniiequence of this biaa, took the place of 
that examination of realities which must be their 
employment, in order that real knowledge may make 
any decided progress. 

) Bubjeota, indeed, as, for instance, in the 
domains of morals, poetry, and the arts whose aim is 
the production of beauty, this opposition between the 
study of former opinion and pi-esent reality, may not 
□ distinct; inasmuch as it may be said by some, 
that, in these aubjecta, opinions are realitiea; that tha 
thoughts and feelinga which prevail in men's minds 
) the material upon which we must work, the par- 
ticulars from which we are to generalize, the instru- 
ments which we are to use; and that, therefore, to 
reject the atndy of antiquity, or even its authority, 
would be to show ourselves ignorant of the extent and 
mutual bearing of^he elements with which ■we Wia to 
dealj — would be to cut asunder that wluck w« om.^^ 
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to uuite into a vital whole. Tet even in the provintM 
of history and poctiy, the poverty and servility rf 
men's mincis during the middle ages, are shown bj 
indications so strong as to be truly remarkahlej fur 
instance, in the efibrta of the autiquariaos of almost 
every European country to assimilate the early history 
of their own state to the poet's account of the founcii- 
tion of Kome, by bringing trom the sack of Troy, 
Brutus to England, Bavo to Flanders, and so on. Bu( 
however this muy be, our business at present is, U 
trace the varying spirit of the pkysiaal philosophy of 
different ages; trusting that, hereafter, this prefatoiy 
study will enable ns to throw some light upon tiie 
other paita of philosophy. And in phyaica the casa 
undoubtedly was, that the labour of ol^rvation, which 
is one of the two great elements of the progress of 
knowledge, was in a great mea.sure superseded by the 
collection, the analysis, the explanation, of previous 
authors and opinions; experimenters were replaced by 
commentators; criticism took the place of induction; 
and inntead of great discoverers we had learned men. 

1. Natural Bias to AuOwrity. — It is very evident 
that, in such a bias of men's studies, there ia something 
very natural ; however strained and technical thii 
erudition may have been, the propensities on which it 
depends are very general, and are easily seen. Defe- 
rence to the authority of thoughtful and sagacious 
men, a disposition which men in general neither reject 
nor think they ought to reject in practical matters, 
naturally clings to them, even in speculation. It is ft 
satisfaction to us to suppose that there are, or havg < 
been, niinda of transcendent powers, of wide and wise 
views, superior to the common errouTH and blindness of 
owr nature. The pleasure of admiration, and tha i 
repose of confidence, are inducements to such a belieC 
There are also other reasons why we willingly be- 
lieve that there are in philosophy great teachers, so 
profound and sagacious, that, in order to arrive at 
truth, we have only to learn their thoughts, to undeiv 
stand their writings. There is Ek peculiar interest 
which men feel in, iea\i\ig vj'A\v \.\ii ^JaoNv^^a 'a'L "iisjat 
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fellow-men, rather than with brute matter. Matter 
feels and excites no BjmjHithies : in seeking for mere 
laws of niitnro, tBere is nothing of mental iutercourse 
with the great spirits of the past, as there is in studying 
Aristotle or Plato. Moreover, a large portion of this 
employment is of a kind the most agreeable to most 
speculative minds; it consists in tracing the con- 
sequences of aasuiaed prinoiplea : it ia deductijre lite 
geometry : and the principles of the tcacherH being 
known, and being nndisputed, the deduction and 
ajjplioation of their resulte is an obvious, self-satiafying, 
and inexhaustible exercise of ingenuity. 

These causes, and probably others, make criticism 
and commentation flourish, when invention begins to 
fiiil, oppressed and bewildered by the atquisitions it 
has already made; and when the vigour aud hope of 
men's minds are enfeebled by civil and political changes. 
Accordingly,^ the Alexandrian school was eminently 
characterized by a spirit of erudition, of literary criti- 
cism, of interpretation, of Imitation. These practices, 
which reigned first in their full vigour in ' the Museum,' 
are likely to be, at all times, the leading propensities 
of similar academical institutions. 

How natui'al it is to select a great writer as a 
pai-amonnt authority, and to ascribe to him extra- 
ordinary profundity and sagacity, we may see, iu the 
manner in which the Greeks looked upon Homer; 
and the fancy which detected in his poems traces of 
the origin of all arts and sciences, has, as we know, 
found favour even in modem times. To pass over 
earlier instances of this feeling, we may observe, that 
Btrabo begins his Geography by saying that he agrees 
with Hipparchua, who had dedared Homer to be the 
first author of our geographical knowledge ; and he 
does not confine the application of this assertion to the 
various and curious topographical information which 
the Iliad and Odyssey contain, concerning the countries 
surrounding the Mediterranean ; but in phrases which, 
to most persons, might appear the mere play of a 

1 DeecraaM, UUt. ilea SbsI. de P!iilo: iii. p \i^. 
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poetical fancy, or a. caaiial aelection of circnmatances, 
he finds unquestionable evidence of a correct know- 
ledge of general geographical tnitKa. Thus,' when 
Homer speaks of the suu 'rising from the soft and 
deep-flowing ocean,' of hia ' splendid blaze plunging ia 
the ocean;' of the northern constellation 

and of Jupiter ' who goes to the ocean to feast witli 
the blameless Ethiopians ;' Stiubo is satisfied from theea 
passages that Homer knew the dry land to be aiit- 
rounded with water; and he reasons in like manner 
■with respect to other points of geography. 

a. Character of Commentators. — The spirit of com- 
mentation, aa haa already beea suggested, turns to 
questions of taste, of metaphyaicB, of morals, with fcr 
more avidity than to physics. Accordingly, critica and 
grammarians were peculiarly the growth of this school ; 
and, though the commentators sometimes chose worku 
of mathematical or physical science for their subject 
(aa Proclua, who commented on Euclid's Qeiometry, 
and Simpljcius, on Aristotle's Physics,) these com- 
mentaries wore, ia feet, rather metaphysical than 
mathematical. It does not appear that the commen- 
tatora have, in any instance, illustrated the author hy 
bringing hia assertions of facts to the test of experi- 
ment. Thus, when Simplicius comments on the passage 
concerning a vacuum, which we formerly adduced. La 
notices the argument which went upon the aasertiou, 
that a vessel full of ashes would contain aa much water 
OS an empty vessel; and he mentions various opinions 
of different authors, but no trial of the fact. Eudemus 
had said, that the aahea contained something hot, as 
quicklime docs, and that by means of this, a part of 
the water was evaporated; others supposed the ■water 
to be condensed, and so on.^ 

The Commentator's professed object is to explain, to 
enforce, to illuatrate doctrines assumed as true. He 
endeavours to adapt the work on which he eraploya 
himself to the state of information and of opinion in 

- Slribo. i. p. 5. "■ ¥to\i\™™>.*- no- 
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his own tlmej toelncidate obscurities and technictJities; 
to supply Btepa omitted in the reasoning; but he does 
not seek to obtain additional truths or oevr geueraliza- 
tioDb He undertakes only to give what is rirtuaUj 
contained in his author ; to develope, but not to create. 
He is a cultivator of the thouglite of others : hia labour 
is not spent on a field of his own ; he ploughs but to 
enrich the granary of another man. Thus he docs not 
frork as a freeman, but as one in a servile condition ; 
or rather, his ia a menial, and not a productive service : 
bia office is to adorn the appearance of his master, not 
to increase his wealth. 

Yet though the Commentator'a employment is thus 
Bubortlinate and dependent, he is easily 1^ to attribute 
to it the greatest importance and dignity. To elucidate 
good books is, indeed, a UBetiil task ; and when those 
who undertake this work execute it well, it would be 
most unreasonable to find &ult with them for not 
doing more. But the critic, long and earnestly employed 
tm one author, may easily underrate the relative value 
of other kinds of mental exertion. He may ascribe too 
large dimensions to that which occupies the whole of 
liis own field of vision. Thus he may come to consider 
mich study as the highest aim. and best evidence of 
human genius. To understand Aristotle, or Plato, may 
appear to him to comprise all that is ^>ossible of pro- 
fundity and acutenesB. And when he has travelleil 
over a portion of their domain, and satisfied himself 
that of this lie too is master, he jany look with com- 
placency at the circuit he has made, and speak of it as 
% labour of vast effort and difficulty. We may quoto, 
as an expression of this temper, the language of Sir 
Henry Savile, in concluding a course of lectures on 
Euclid, delivei-ed at Oxford.* ' By the grace of God, 
gentlemen hearers, I have performed my promise; I 
have redeemed my pledge. 1 have explained, according 
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to my ability, tlie definitions, positnlates, axioms, asd 
first eight proponit'uma of the Elements of Euclid. 
Here, sinking under the weight of years, I lay down 
my art and my inatrumenta.' 

We here speak of the peculiar province of the Com- 
mentator j for undoubtedly, in many instances, a com- 
mentaty on a received author has been made the 
vehicle of conveying aystems and doctrines entirely 
different from those of the anthar hiniBelf; as, for 
instance, when the New Platoniats wrote, taking Plato 
for their text. The labours of learned men in the 
stationary period, which came under this descriptdon, 
belong to another class. 

3, Greek Commentators on Arislulle. — The cnni- 
mentators or disciples of the great philosophers did not 
assume at once their servile character. At first tbeir 
object was to supply and correct, aa well as to explain 
their teacher. Thus among the earlier commentatora 
of Aristotle, Theophraatns invented five moods of 
gylloginm in the first figure, in addition to the foor 
invented by Aristotle, and stated with additional 
accuracy the rules of hypothetical syllogiama He 
also, not only collected much information concerning 
animals, and natural events, which Aristutle had 
omitted, but otlen differed with his master; as, for 
iiistAuoe, concerning the saltness of the sea : this, which 
the Stagirite attributed to the effect of the evapora- 
tion pi-oduced by the sun's rays, was ascribed by 
TheophrastUB to beds of salt at the bottom. Porphyry,* 
who flourished in the third century, wrote a book on 
the Predioahlea, which was found to be so suitable » 
complement to the PredicaTntnls or Categories of 
Aristotle, that it was usually prefixed to that treatise; 
and the two have been used aa an elementary work 
together, up to modem timea The Predicables are 
the five steps which the gradations of generality and 
particularity introduce ;— genua, species, difference, indi- 
viihtol accident; — the Categories ore the ten heads 
under which assertions or predications may be arranged; 

» lJuhlo,Ari«.Li84- 
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seDtenoesinto paiugraphs. Alexander Aphradisienais, 
who lived at the end of the second century, is of this 
olaas; 'sometimes nseful,' as ooe of the recent editors 
o! Aristotle says ;* ' but by the prolixity of his inter- 
pretation, by his jjerverse itch for himself discussing 
the argument expounded by Aristotle, for defending 
his opinions, and for rvfuting or reconciling those of 
others, he rather obscures than enlightens.' At various 
times, also, some of the oomnientators, and especially 
those of the Alexandrian soliool, endeavoured to 
reconcile, or combined without reconciling, opposing 
doctrines of the great philosophers of the earlier times. 
Simplicius, for instance, and, indeed, a great number 
■of tlie Alexandrian philosophers,^ as Alexander, Am- 
.ttionius, and others, employed themselves in the fatUe 
of reconciling the doctrines of the Pythagoreans, 
ittf the Eleatics, of Plato, and of the Stoics, with those 
[Sf Aristotle. Boethios* entertained the design of 
'ibanslatiitg into Latin the whole of Aristotle's and 
Plato'N works, auil of showing their agreement; a 
'gigantic plan, which ho never executed. Others 
'employed themselves in disentangling the confusion 
-irliich such attempts produced, as John the Gram- 
[uarian, snmamed Philoponus, 'the Labour-loving;' 
who, towards the end of the seventh century, mnin- 
[^ned that Aristotle was entirely misunderstood by 
.Porphyry and Proclns," who had pretended to incor- 
Mjiorato his doctrines into those of the New Platonic 
iLool, or even to reconcile him with Plato himself on 
subject of ideas. Others, again, wrote Epitomes, 
tpounds, Abstracts : and endeavoured to throw the 
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■works of the ptilosoplier into some simpler and mow 
obviously regiilar Ibrm, as John of Damascns, in tha 
middle of the eighth century, who made abstracts of 
some of Aristotle's works, snd introduced the study 
of the author into theological education. These twe 
writers lived under the patronage of the Arabs; the 
former was favoured by Amrou, the eonqneror of 
Egypt ; the latter was at first aecretary to the Calipl^ 
hut afterwards withdrew to a. monastery.^'' 

At this period the Arabians became the fosterers 
and patrons of philosophy, rather than the Greeka 
Justinian had, by an edict, closed the school of Athens, 
the last of the schools of heathen philosophy. Leo, 
the Isanrian, who was a, zealous Iconoclast, abolished 
also the schools where general knowledge had been 
timght, in combination with Christianity;^' yet the 
line of the Aristotelian commentators -was continued, 
though feehly, to the later ages of the Greek empire, 
Anna Comnena'* mentions aEu-stratus who employed 
himself upon the dialectic and moral treatises, and 
whom she does not hesitate to elevate above the Stoics 
and Flatonists, for his talent in philosophical discoa- 
siona. Nicephorus Blommydes wrote logical and 
physical epitomes for the use of John Dncaa; George 
Pachymerua composed an epitome of the philosophy of 
Aristotle, and a compend of his logic; Theodore Meto- 
chytes, who was famous in his time alike for liis 
eloquence and his learning, has left a paraphraee of 
the books of Aristotle on Physics, on the Soul, the 
Heaveas,'^ io. Fabriciua states that this writer has a 
chapter, the object of which is to prove, that all phi- 
losophers, and Aristotle and Plato in particular, have 
disdained the authority of their predecessors. Ho 
could hardly help remarking in how different a spirit 
philosophy had been pursued since their time. 

4. Greek Commentators 0/ Plata aiiA others. — I have 
spoken principally of the commentators of Aristotle, 
forLewasthegreatsubject of the commentators proper; 
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and though the name of his rival, Plato, was graced hy 
a ILit of attendauts hardly leaa numeroun, these, the 
Neoplatoniats, oa they are called, had introduced new 
elements into the doctrines of their nominal master, to 
siich an extent that they must be placed in a different 
class. We may obaerre here however, how, in this 
school as in the Peripatetic, the race of commentAtors 
multiplied itself. Porphyry, who commented on Ari- 
stotle, was commented on by Ammoniua; Plotinua's 
EiineiidB were commented on by Proclus and Dexippua. 
Paellus'*the elder was a paraphraat of Aristotle; Psellus 
the younger, in the eleventh century, attempted to 
restore the New Platonic school. The former of these 
two writers had for his |}upil8 two men, the emperor 
Leo, Bumamed the Philosopher, and Photius the patri- 
arch, who exerted themselves to restore the study of 
literature at Constantinople. We still poaaesa the 
Collection of Ebitracte of Photiiis, which. Lice that of 
Stobseus and others, shows the tendency of the age to 
oonipilations, abstracts, and epitomes, — the extinction 
of philosophical vitality. 

5. Arabian ConiTneTitaiora of Arislotle. — The reader 
might perhaps have expected, that when the philosophy 
of the Greeks was carried among a. new race of intel- 
lects, of a different national character and condition, 
the eboin of this servile tradition would have been 
broken ; that some new thoughts would have started 
forth ; that some new direction, some new impulse, 
would have been given to the search for truth. It 
might have been anticipated that we should have had 
schools among the Arabians which should rival the 
Peripatetic, Academic and Stoic among the Greeks ;— 
that they would pre-occupy the ground on which 
Copemious and Galileo, Lavoisier and Limiisus, won 
their fame ; — tliat they would make the next great steps 
in the progressive sciences. Nothing of this, however, 
happened. The Arabians cannot claim, in science or 
philosophy, any really great names; they produced no 
men and nodiacoveries which have materialivinfluenced 
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the course and destiniea of humrm knowledge; thoji 
tamely adopted the intellect'ial servitude of tbe nation 
which they conquered by their arms ; they joined them, 
selves at once to the etring of slaves who were draggii^ 
the car of Aristotle and Plotinus. Nor, perhaps, on) 
little further reflection, shall we he surprized at thi 
want of vigour and productive power, in this period t 
apparent national youth. The Arabians had not tea 
duly prepared rightly U) enjoy and use the treasures C 
which they became possessed. They had, like moi 
uncivilized nations, been passionately fond of their iodi 
gsnoua poetry; their imagination had been awakeuec 
but their rational powers and speculative tandencii 
were still torpid. They i-eceived tlie Greek philosopl^ 
without having passed through those gradations o 
ardent curiosity and keen research, of ohsc mi tjbrightffll 
ing into clearness, of doubt succeeded by the joy ( 
discovery, by which the Greek mind had been enlarge 
and exercised. Nor had the Arabians ever enjoyedii 
the Greeks had, the individual consciousness, the indl 
pendent volition, the intellectual freedom, arising froi 
the freedom of political iustitutiona. They had not M 
the contagious mental activity of a small city; th 
elation arising from the general sympathy in speculatiw 
pursuits difliised through an intelligent and aetrti 
audience; in short, they had not had a national eduM 
tion such B3 fitted the Greeks to be disciples of Plaft 
and Hipparchus. Hence, their new literary wealti 
rather encumbered and enslaved, than enriched anl 
strengthened them ; in theirwantof taste for intellectui 
freedom, they were glad to give themselves up to tb 
guidance of Aristotle and other dogmatista. Thn 
militaryhahitshadaccnstomed them to look to a leaded 
their reverence for the book of theu- law had preparei 
them to aooept a philosophical Koran also. Thus tbi 
Arabians, though they never translated the Gre^ 
poetry, translated, and merely translated, the Gred 
philosophy; they followed the Greek philosopheiswitb 
out deviation, or, at least, without any philosophioal 
deviations. They became for the most part AristotM 
lians; — studied not ou\y Ayi^tiAle, Wt the commenJ 
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tators of Aristotle ; ami themselves swelled tlie vast and 
nnprofi table herd. 

The philosophical works of Aristotle had, ia some 
meapure, made their way in the East, before the growth 
of the Saracen power. In. the sixth centiiry, a Syrian, 
TJranus,'' encouraged by the love of philosophy mani- 
fested by Cosroes, had translated some of the writing 
of theStagii-ite; about the same time, Sergi us liad given 
some translations in Syriac. In the seventh century, 
Jacob of Edessa translated into this language the l>ia^ 
lectics, and added Notes to the work. Such labours 
became numerous; and the first Arabic translations of 
Aristotle were formed njiou these Persian or Syriao 
texts. Iq this succession of trausfizsione, some mistakes 
must inevitably have been introduced. 

The Arabian interpreters of Aristotle, like a large 
portion of the Alexandrian ones, gave to the philosopher 
a tinge of opinions borrowed from another source, of 
which I shall have to speak under the head of .tf^sficum. 
But they are, for the moat part, sufficiently strong 
examples of the peculiar spirit of commentation, to make 
it fitting to notice them here. At the head of them 
stands'* AJkindi, who appears to have lived at the coui-t 
□f Almamon, and who wrote commentaries on the 
Orgajion of Aristotle. But Alfarabi was the glory of 
the school of Bagdad; his knowledge included mathe- 
matics, astronomy, medicine and philosophy. Bom in 
an elevated rank, and possessed of a rich patrimony, he 
led an austere life, and devoted himself altogether to 
study and meditation. Heemployed himself particularly 
in unfolding the import of Aristotle's treatise On the 
SouL" Avicenna (Ebn Sina) was at once the Hippo- 
crates and the Aristotleof the Arabians; and certainly 
the moat extraardiuarj man that the nation produced. 
In the course of an unfortunate and stormy life, occupied 
by politics and by pleasures, he produced works which 
were long revered as a sort of code of soienca In par- 
ticular, his writings ou medicine, though they contain 
little besides a compilation of Hipijocrates and Galen, 
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took tte place of bott, even in the universitiea of Eu- 
rope; and were 8fcudi«d as modela at Paris and Mout- 
pelier, tiil the end of the seventeenth century, at which 

iod they fell into an almost complete oblivion, 
Avicenna ia conceived, by some modem writers,^* to 
have shown Bome power of original thinkiog in hit 
representations of the Aristotelian Logic and Mets- 
phyaics. Averroea (Ebn Roahd) of Cordova, was the 
most illustrious of the Spanish Aristotelians, and became 
the guide of the schoolmen," being placed by them on 
a level with Aristotle himself, or above him. He trans- 
lated Aristotle from the first Syriac version, not being 
able to read the Greek text. He aspired to, and re- 
tained for centuries, the title of the Commentator; and 
he deserves this title by the servility with which he 
maintains that Aristotle^" carried the sciences to the 
highest possible degree, measured their whole extent, 
and fixed their ultimate and permanent bouudaiies; 
although his works are conceived to exhibit a trace of 
the New Platonism. Some of his writings are directed 
Against an Arabian skeptic, of the name of Algaael, 
*hom we have already noticed. 

When the schoolmen had adopted the supremacy of 
Aristotle to the extent in which Averroea maintained 
it, their philosophy wont fiirther than a system of mere 
oonimentation, and became a system of dogmatism ; we 
must, therefore, in another cha]iter, say a few words 
more of the Aristoteliauw in this point of view, before 
we proceed to the revival of science ; but we must pre- 
viously consider some other features in the character 
of the Stationary Period. 





CHAPTER HI. 

Of the Mysticism of the Middle Ages. 

IT has been ii!read7 several times hinted, that a 
and peculiar element wai* introduced into the Greek 
philosophy which occuyiied the attention of the Alex- 
andidan schwi; and that this element tinged a large 
portiott of the speculations of succeeding agea. We 
may speak of this peculiar element as Mystkiam; for, 
from the notion usually conveyed by this term, the 
reader will easily apprehend the general character of 
the tendency now spoken of; and especially when he 
sees ita effect (Minted out in various subjects. Tbas, 
iostead of referring the eventi4 of the external world 
to space and time, to sensible connexion and causation, 
meu attempted to reduce such occurrences under 
BpirituaJ. and superRensual relations and dependencies; 
they referred them to superior intelligences, to theo- 
logical conditions, to past and future events in the 
moral world, to states of mind and feelings, to the 
creatures of an imaginary mythology or demonology. 
And thus their physical Science became Magic, their 
Astronomy became Astrology, the study of the Com- 
position of bodies became Alchemy, MathematicH hecame 
the contemplation of the Spiritual Rehttions of number 
and figure, and Philosophy became Theodophy. 

The examination of this feature in the history of the 
buman mind is important for us, in consequence of its 
inAuence upon the employments and the thoughts of 
the times now under our notice. This tendency mats' 
rially affected both men's speculations and their labours 
in the purauit of knowledge. By its direct operation, 
' it gave rise to the newer Platonic philosophy among 
the Greeks, and to corresponding doctrines among 
' the Arabians; and by calling into a prominent place 
, astrology, alchemy, and magic, it long occupied most 
,;.*>f the real ohBervers of the material world. In this 
jnanner it delayed and iaijiedbd the progress of tv^ie 
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science; ftir we shall see reason to believe that human 
knowledge lost more liy the jjerversion of men's minda 
and the miadivection of their efforts, than it gained dy 
any increase of zeal arising from the peculiar hopes and 
objects of the mystics. 

It ia not to our purpose to attempt aDy general view 
of the progress and fortunes of the various forma of 
Mystical Philosophy ; but only to exhibit some of itg 
characters, in so far as they ilhietrate those tendencies 
of thought which accompanied the retrogradation of 
inductive science, And of these, the leading feature 
which demands our notice ia that already alluded t«; 
namely, thn practice of referring things and events, not 
to clear and distinct relations, obvionsly applicable to 
such cases; — not to general rules capable of direct 
verification; hut to notions vague, distant, and vast, 
■which we cannot bring into contact with facts, because 
they belong to a different region from the facts; as 
■when we connect natural events with moral or historical 
oauses, or seek spiritual meanings in the prD3)ertieB of 
number and figure. Thus the character of Mysticism 
is, that it refers particulars, not to generalizations 
homogeneous and immediate, but to such as are hete- 
rogeneouH and remote; to which we must add, that 
the process of this reference is not a calm act of the 
intellect, but ia accompanied ■wi th a glow of enthusiastic 
feeling. 

1. Neaplatonii; T!ieogopliT/.~The Kewer PlaionUm 
is the first example of this Mystical Philosophy which 
I shall consider. The main points which here require 
our notice are, the doctrine of an iDtelleotual World 
resulting from the act of the Divine Mind, as the only 
reality; and the aspiration after the union of 'the 
human aoul with this Divine Mind, aa the object of 
human existence. The ' Ideas' of Plato were Forms of 
our knowledge ; but among the Neoplatouista they 
became really existing, indeed the only really existing 
Olijects; and the inaccessible scheme of the universe 
which these ideas coniititute, was offered aa the great 
subject of philosophical contcniplation. The desire of 
the human mind to aYi^iTowiK U>-«aiia \te Gxeatot nud 
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Preserrer, and to obtain a spiritual ftccesa to Him, 
Ic^s to an employment of the tlioughta which, is well 
woilb the notice of the religious pbilusopher; but such 
au efibrt, evea when founded on revelation and well 
i-ugulated, ia not a means of advance in phyeii^; and 
when it is the mere result of natural enthusiasm, it 
may easily obtain such a place iu men'n minds as to 
unfit them for the succesaful pivisecution of natural 
philosophy. The temper, therefore, whieh iutrodueea 
suck eupematura) communion, into the general course 
of its speculations, may be properly treated as mystical, 
and as one of the causes of the decline of science iu 
the Stationary Period. Tlie Neoplatonic philosophy 
requires our notice aa one of the moat remarkable 
forms of this Myirticism. 

Though Ammoniiis Saccas, who flourished at the 
end of the second century, is looked upon as the 
beginner of the Neoplatoniut«, hie disciple Flotinus is, 
'a reality, the great founder of the school, both by his 
forks, which still remain to us, and by the enthusiasm 
■which his character and manners inspired among his 
followers. He lived a life of meditation, gentleness, 
and eelf-denial, and died in the second year of the 
reign of Claudius (a.d. zyo). His disciple, Porphyry, 
haa given us a Life of him, from which we may see 
bow well his habitual manners were suited to make 
bis doctrines irapi'easive. ' Plotinus, the philosopher 
of our time,' Porphyry thus begins his biography, 
'appeared like a person ashamed tliat he was iu the 
body. In consequence of this di.sposition, he conld 
not bear to talk concerning his family, or his pai'cnts, 
his country. He would not allow himself to be 
represented by a painter or statuary; and once, when 
Aurelius entreated him to permit a likeness of him to 
be taken, he said, ' Is it not enough for us to carry 
this image in which nature haa enclosed us, but we 
must also try to leave a more durable image of this 
ige, as if it were so great a sight f And he retained 
same temper to the last When he was dying, he 
■aid, ' I am trying to bring the divinity which is in us 
to the divinity which is in the univetae.' ' ^e "Mat 
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looketl upon by his auccessora with extraordinary 
admiration and reverence ; and liia disciple Porphjry 
collected from his lips, or from fi-agmental notes, the 
six Enneads of his doctrines (that is, parts eacli 
coDsiating of nine Books,) which he arranged a&d 
annotated. 

We have no difficulty in finding in this remarkabla 
■work examples of itiystical speculation. The Intelli- 
gible World of realities or essences corresponds to the 
world of sense^ in the classes of things which it 
includes. To the Intelligible World, man's mind 
ascends, bj a triple road which Flotinus figuratively 
calls that of the Musician, the Lover, the Pbilosopher.' 
The activity of the human soul is identified by analogy 
with the motion of the hearens. ' This activity ii 
about a middle point, and thus it is circular; but a 
middle point is nob the same in body and in the soulj 
in that, the middle point is local, in this, it ia that on 
which the rest depends. There is, however, an ana- 
logy ; for as in one case, so in the other, there must ha 
a middle point, and as the sphere revolves about its 
center, the soul revolves about God through its 
affections.' 

The conclusion of the work is,*'' as might be sup- 
posed, upon the approach to, union with, and fruition 
of God. The author refers again to the analt^ 
between the movements of the soul and those of the 
heavens. 'We move round him like a choi'al dance j 
even when we look from hira we revolve about him; 
we do not always look at him, but wlien we do, we 
have satisiaction and rest, and the harmony which 
belongs to that divine movement. In this movement, 
the mind beholds the fouDtain of life, the fountain of 
mind, the origin of being, the muse of good, the root 
of the Boul.'* ' There will be a time when this vision 
shall be continual ; the mind being no more inter- 
riifited, nor suffering any perturbation from the body, 
Yet that which beholds is not that which is disturbed; 
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sod when this vision becomes dim, it does not obgcufs 
the knowledge which resides in demonstration, and 
iaith, aod reasoning; but the vision itself ia not reason, 
bat greater than reason, and before reason.'" 

The fifth book of the third Enuead, has for its 
Buhject the Decmon which belongs to enoh man. It is 
entitled ' Concerning Love ;' and the docti-ine appears 
to be, that the Love, or comjuon soui'ce of the passioiiH 
vhich is in each man's mind, is ' the Dsemon which 
they Bay accompanies each man.'" These dtemona 
"vere, however, {at least by later writew,) invested 
with a visible aspect and with a personal character, 
inclnding a resemblance of human passions and motives. 
It is curious thus to see an untenable and visiuoaiy 
generalimtion falling back into the domain of the 
senaee and the ikncy, after a vain attempt to support 
itself in the region of the reason. This imagination 
Boon produced pretensions to the power of making 
these dfemona or genii visible ; and the Treatise on the 
Mysteries of the Egyptians, which is attributed to 
lamblichus, gives an account of the secret ceremonies, 
the mysterious words, the sacrifices luid expiations, 
by which this was to be done. 

It is unneceBsary for iis to dwell on the progress of 
this schoolj to point out the growth of the Theurgy 
which thus arose ; or to describe the attempts to claim 
a high antiquity for this system, and to make Orpheus, 
the poet, the first promulgator of its doctrines. The 
Byst^, like all mystical systems, assumed the character 
rather of a religion than of a theory. The opinions of 
its disciples materially influenced Uieir lives. It gave 
the world the spectacle of an austere morality, a devo- 
tional exaltation, combined with the grossest supersti- 
tions of Pt^anism. The successors of lamblichus 
appeared rather to hold a priesthood, than the chair of 
a philosophical school.^ They were persecuted by 
Constantine and Conatantius, as opponents of Chiis' 
tianity, Sopater, a Syrian philosopher of this school, 

' vl. Eun. ix. 10. * Ficlniis. CoJJiBi. in v. Enn. IH. 
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■was beheaded by tbe former emperor, on a cbarge tliat 
he had bound the winds by the power of magic.'* Bnt 
Julian, who shortly tifter succeeded to the purple, 
embi-aced with ardour the opinions of lambliohus. 
Proclus (who died a.d. 487) was one of the greatest 
of the teachers of tliia schoolj" aud was, both in bia 
life and doctrines, a worthy successor of Plotinus^ 
Porphyry, and lamblichus. We possess a biography, 
or rather a panegyric of him, by his disciple Marinas, 
in which he is exhibited as a representation of the 
ideal perfection of the phihisophio cliaracter, according 
to the views of the Netqilatonists. His virtues are 
arranged as physical, moral, purificatory, theoretic, 
and theut^a Even in his boyhood, Apollo and 
Minerva visited him in his dreams; he studied oratory 
afc Alesandria, but it was at Athens that Plutarch and 
Lysianus initiated him in the mysteries of the New 
Platoniats. He received a. kind of consecration at the 
hands of the daughter of Plutarch, tbe celebrated 
Aselepigenia, who introduced him to the traditions of 
the Chaldeans, and the practices of theurgy; he was 
also admitted to the mysterieH of Eleusis. He became 
celebrated fur his knowledge and eloquence; bnt espe- 
cially for his skill in the supernatural arts which were 
connected with the doctrines of his sect. He appears 
before us rather as a hieropbant than a philosopher. A 
large portion of his life was spent in evocations, puii' 
fieations, fastings, prayers, hymns, intercourse with 
apparitions, and with the gods, and in the celebration 
of the festivals of Paganism, especially those whi<^ 
were held in honour of the Mother of the Gods. Hit 
religious admiration extended to all forms of mytho- 
logy. The philosopher, said bo, is not the priest of a 
single religion, but of all the religions of the world4 
Accordingly, he composed hymns in honour of all the 
divinities of Greece, Rome, Egypt, Arabia; — Chris- 
tianity alone was excluded from his favour. 

The reader will find an interesting view of the Schoat 
of Alexandria, in M. Bartbelemy Saint-Hiiaire's Ra.p' 
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^Ti on the Memoirea sent to the Academy of Moi-al 
luid Political Sciences at Paris, in consequence of its 
hBTing, in 1 841, propoaeil this ua thesubject of a prize, 
■which was awaiied in 1844. M. Saint-Hilaire baa 
prefixed to this Mapport a. dissertation on the Mysti- 
cism of that school. He, however, uses tlie term 
MyatiiAsm in a wider sense than my purpose, which 
r^arded miunly the bearing of the doctrines of this 
Bchool upon the progress of the Inductive Sciences, has 
led me to do. Although he finds much to admire in the 
Alexandrian philosophy, he declares that they were in- 
capable of treating scientific questions. The extent to 
which this is true is well illustrated by the extract 
which he gives from Plotinua, on the question, ' Why 
objects appear smaller in proportion as they are more 
distant.' Flotinus denies that the reason of this is 
that the angles of vision become smaller. His reason 
for this denial is curious enough. If it were so, be 
says, bow could the heaven appear snialler than it is, 
aince it occupies the whole of the visual angle) 

2. Mystical AriChmetie.—lt is unnecessary further 
to exemplify, from Proclus, the genei-al mystical cha- 
racter of the school and time to which he belonged; 
but we may notice more specially one of the forms of 
thia mystiojam, which very frequently offers itself to 
our notice, especially in bim; aiid which we may call 
My»tical AritAmelia. Like all the kinds of Mysticism, 
this conaiHts in the attempt to connect our conceptions 
of external objects by general and inappropriate 
notions of goodness, perfection, and relation 1i<» the 
divine essence and government; instead of referring 
each conceptions to those appropriate ideas, which, by 
due attention, become perfectly distinct, and capable 
of being positively applied and verified. The subject 
which is thus dealt with, in the doctrines of which we 
now speak, is Number; a notion which tempts men 
into these visionary epcciUations more naturally than 
any other. For number ia really applicable to moral 
nirtioDS — to emotions and feelings, and to their objects — 
SA well as to the things of the material world, 
over, by the discovery of the principle (A x 
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corda, it had been found, probably most unexpectedly, 
tliat numerical relations were closely connected with 
sounds which could hardly be distinguished from tie 
espreasiou of thought aiid feeling; and a auapicion 
might easily arise, that the universe, both of matter 
and of thought, might contain many general and 
abstract truths of some analogous kind. The relatioDs 
of number have bo wide a bearing, that the ramifics- 
tiona of Buch a suspicion could not easily be exhausted, 
supposing men willing to follow them into darkness 
and vagueness; which it is precisely the mystical tend- 
ency to do. Accordingly, this kind of speculation 
appeared very early, and showed itself first among the 
Pythagoreans, aa we might. have exjiected, from the 
attention which they gave to the theory of harmony; 
and this, as well as some other of the doctrines of the 
Pytb^orean philosophy, was adopted by the later 
Platonists, and, indeed, by Plato himself, whose speni- 
lations eonceming number have decidedly a. mystieal 
character. The mere mathematical relations of uoai- 
bers, — as odd and even, perfect and imperfect, abun- 
dant and defective, — were, by a willing Bubmission to 
an enthusiastic bias, connected with tbe notions of 
good and beauty, which were suggested by the terms 
expressing their relations; and principles resulting 
from such a connexion were woven into a wide and 
complex system. It is not necessary to dwell long on 
this subject; the mere titles of the works which treated 
of it show its nature. Arcbytas^" is said to have 
written a treatise on the number ten: Telaiigfi, the 
daughter of Pythagoras, wrote on the number /tnir. 
This number, indeed, which was known by the name of 
the Tetraclys, was very celebrated in the school of Pytha- | 
jras. It is mentioned in the ' Golden Verses,' which 
:e ascribed to him ; the pupil is conjured to beTirtaous» 

Nni fta rhv d/if ripp i^ux? trapaSovra Ttrpatriv 

UayiLV Afwaov^lincoii 

who atorapt Tin Four upon the mind, — 
The Four, the fouTit of oaturo's endless Btream, 
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In Plato's works, we have evideuce of a similar 
belief iu religious reLitiona of Number; and in the 
New FlatiOnista, this doctrine was established as a 
system. Proctua, of whom we have been s[>eakiDg, 
fouads his philosophy, in a great measure, on the rela- 
tion of Unity and Multiple ; from this, he is led to 
represent the causality of the Divine Mind by three 
TnadH of abatractiuns ; and in the developinent of one 
part of this syst-em, the number seven ia introduced.^' 
'The inteUigible and intellectual gods produce all 
ibings triadically; for the monads in these latter are 
divided aecording to number; and what the monad 
' 1 the former, the number is in these latter. And 
the intellectual gods produce all things bebdomicaljy ; 
for they evolve the intelligible, and at the same time 
intellectual triads, into intellectual hebdomads, and es- 
puid their contracted powers into intellectual variety.' 
Seven is what is called by arithmeticians a prime 
number, that is, it cannot be produced by the multi- 
plication of otiier numbers. In the language of the 
S'ew Flatoniete, the numlwr seven is said to be a 
virgin, and without a mother, and it is therefore sacred 
to Minerva. The number six is a perfect number, 
and ia consecrated to Venus. 

The relations of apace were dealt with in like 
manner, the geometrical propertiea being associated 
with such physical and metaphysical notions as vague 
thought and lively feeling could anyhow connect with 
them. We may consider, as an example of this,'^ 
Plato's opinion concerning the particles of the four 
elements. He gave to each kind of particle one of the 
five regular solids, about which the geometrical specu- 
lations of himself and his pupils had been employed. 
The particles of fire were pyramids, because they are 
sharp, and tend upwards; those of earth are cubes, be- 
cause they are stable, and fill space; the particles of 
air are octahedral, as moat nearly resembling those of 
fire; those of water are the icositetrahedron, as most 
nearly spherical. The dodecahedron is the figure of 
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the element of the teavens, and shows its influence in 
other things, as in the twelve signs of the zodinc. 
such examples we see liow loosely apace and number I 
are oombiued or confoundml by these mystical vision- 

These Diimerical drecima of ancient philosophera 
have been imitated by modem writers; for instance, 
by Peter Bungo and Kircher, who have written De 
Myateriia Numei-onim. Bungo treats of the mjstioJ 
properties of each of the numbers ia order, at great 
length. And such speculations have influenced astro- 
uomical theories. In the first edition of the Alphonane 
Tables," the precession was represented by making the 
fii-st point of Aries move, in a period of 7000 years, 
through a circle of which the radius was 18 degrees, 
while the circle moved round the ecliptic in 49,000 
years; and these numbere, 7000 and 49,000, were 
chosen probably by Jewish calculators, or with refe- 
rence to Jewish Sabbatarian notions. 

3. AstTology. — Of all the forms which mysticism 
assumed, none waa cultivated more assiduously than 
astrology. Although this art prevailed most imiveraally 
and powerfully during the stationary period, its exist- 
ence, even as a detailed technical s^tem, goes back to 
a very early age, It probably had its origin in the 
East; it is universally ascribed to the Babylonians and 
Chaldeansj the name Chaldean was, at Rome, synODy- 
moua with matliematicus. or astrologer; and we road 
re]jeatedly that this class of persona were expelled from 
Italy by a decree of the senate, both during the times 
of the republic and of the empire.'* The recurrence of 
this act of legislation shows that it was not effectual; 
' It ia a class of men,' says Tacitus, ' which, in our 
city, will always be prohibited, and will always exist.' 
In Greece, it does not appear that the atate showed 
any hostility to the professors of this art. They under< 
took, it would seem, then, as at a later period, to 
determine the course of a man's character aad life &ota 
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fihe configiiratiou of the stars at tlie taoment of hU 
birth. We do not possess any of the spec illations of 
^e earlier astrologers; and we cannot therefore be 
W^n that the notions which operated in men's minde 
vben the art had its birth, agreed with the views on 
which it was afterwitrdB defended, when it became a 
inatter of controversy. But it appears probable, that, 
^though it was at later periods supported by physical 
•nalogiea, it was originally suggested by mythological 
■fcelief. The Greeks apoke of the hifinewxa or e^ita^s 
y&irappotae) which proceeded from the stura; but the 
Chaldeanfi hckd probably thought rather of the powers 
which they exercised as deities. In whatever manner 
the sun, moon, and planets came to be identified with 
Ifoda und goddesses, it is clear thut the characters 
ascribed to these gods and goddesses regulate the 
virtues and powers of the stara which bear their names. 
This association, so manifestly visionary, was retftined, 
unplitied, and pursued, in an enthusiastic spirit, instead 
of being rejected for more distinct and substantial eon- 
nexions; and a pretended science wan thus formed, 
vhicb bears the obvious stutnp of mysticism. 

That common sense of mankind which teaches them 
that theoretical opinions are to be calmly tried by 
their consequences and tiieir accordance with facts, 
appears to have counteracted the prevalence of astro- 
logy in the better times of the human mind. Eudoxus, 
as we are informed by Cicei-o," rejected the pretenaions 
of the Chaldeans; and Cicero himself reasons against 
^em with arguments as sensible and intelligent as 
«Outd be adduced by a writer of the present day ; such 
■Ls the different fortunes and characters of persons bom 
at the same time ; and the failure of the prediotious, in 
the case of Pompey, Craasus, Cfesar, to whom the 
astrologers had foretold glorious old age and peaceful 
death. He also employs an argument which the reader 
fwould perhaps not expect from him, — the very great 
TGDioteness of the planets as compared with the distance 
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if the moon. 'What coutogion can reach us," he asks, 
'from a distance almost inSnitet' 

Pliny arguea on the same side, and with aome of the 
same arguments.^' 'Homer,' be says, 'tells ns thiit 
Hector and Polydamiis were bora the same night; — 
men of such different fortune. And every hour, in 
every part of the world, are bom lords and slaveB, 
kings aud beggars.' 

The impression made by these arguments ia marked 
in an anecdote told concerning Puhlios Nigidina Fign- 
lus, a Roman of the time of Julius Cjesar, whom Lucan 
mentions as a celebrated astrologeiv It is said, that 
when an opponent of the art ui^od as an objection the 
different fates of pei-sons born in two auceesaive instants, 
Nigidius hade him make two contiguous marks on a 
potter's wheel, which was revolving rapidly near them. 
On stopping the wheel, the two marks were found ta 
be really fer removed from each other; and Nigidius 
is said to have received the name of Figulus (the 
potter), in remembrance of this story. Hia argument, 
aaya St. Augustine, who gives us the narrative, was as 
fi-agile as the wave which the wheel manufactured. 

As the darkening times of the Roman empire 
advanced, even the atronger minds seem to have lost 
the clear energy which was requisite to throw off this 
deluaion. Seneca appears to take the influence of the 
planets for granted; and even Tacitus'? seems to hesi- 
tate. 'For my own part,' saya he, 'I doubt; but 
certainly the majority of mankind cannot be weaned 
from the opinion, that, at the birth of each man, hia 
future destiny is fixed; though some things may fall 
out differently from the predictions, by the ignorance 
of those who profeas the art; and that thua the art is 
unjustly blamed, confirmed aa it is by noted examples 
in all ages,' The occasion which gives i-ise to these 
reflections of the historian ia the mention of Thrasyllus, 
the favourite astrologer of the Emperor Tiberius, whose 
skill is exemplified in the following narrative. Thos* 
who were brought to Tiberius on any important matter, 
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■were admitted to an interview in an apartment situated 
on a, lofty cliff in tlie island of Capreie. Tliey reached 
this place by a narrow path, accompanied by a single 
freedrn«n of great bodily strength ; and on their return, 
if the em]>erov had conceived any donbts of their trust- 
worthiness, a single blow buried the secret and ita 
victim in the ocean below. After 'Ihrasyllua had, ia 
this retreat, stated the results of his art as tliey con- 
cerned the emperor, Tiberius asked him whether he 
had calculated how long he himself had to live, The 
astrologer examined the aspect of the stars, and while 
he did this, as the narrative states, showed hesitation, 
alarm, increasing terrour, and at last declared that, 
' the present hour was for him critical, perhaps fatal,' 
Tiberius embraced him, aDd told him 'he was right in 
supposing he had been in danger, but that he should 
escape it;' and made him thenceforth his coufidential 
counsellor. 

The belief in the power of astrological prediction 
which thus obtained dominion over the minds of men 
of literary cultivation and practical energy, naturally 
had a more complete sway among the speculative but 
imstable rainda of the later philosophical schools of 
Alesaikdria, Athens, and Home. We have a treatise 
on astrology by Proclua, which will serve to exemplify 
the mystical principle ia this form. It appears as a 
commentary on a work on the same subject called 
' Tetrabiblos,' ascribed to Ptolemy; though we may 
reasonably doubt whether the author of the ' Megale 
Syntaxis' was also the writer of the astrological work. 
A few notices of the commentary of Proclua will 
Buffica^" The science is defended by urging how 
powerful we know the physical effects of the heavenly 
bodies to be. 'The sun regulates all things on earth; 
— the birth of animals, the growth of fruits, the flowing 
of waters, the change of health, according to the sea- 
Boaa; he produces heat, moisture, dryness, cold, accord- 
ing to his approach to our zenith. The moon, which 
b the nearest of all bodies to the earth, gives out much 
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infiuence: and all things, animate and inanimate, 
Bjmpatliize with her; rivers increase and diniiuisli 
according to her tight; the advance of the sea, and ilB 
recess, are regulated hy her rising and setting; and 
along with her, fruits and animals wax and wane, 
either wholly or in part,' It is easy to see that hy 
pursuing this train of associations (some real and some 
imaginary) very vaguely and very enthusiastically, the 
connexioufl which astrology supposes would receive a 
kind of counteuance, Proclus then proceeds to state" 
the doctrines of the science. ' The Sun,' he says, ' is 
productive of heat and dryness; this power is moderate 
ill its nature, but is more perceived than that of the 
other luminaries, from hia magnitude, and from tiie 
change of seasons. The nature of the Moon is for the 
most part moist; for being the nearest to the earth, 
she receives tjie vapours which rise from moist bodiea, 
and thus she causes bodiea to soften and rot. But hy 
the illumination she receives from the sun, she par- 
takes in a moderate degree of heat. Saturn is cold and 
dry, being most distant both from the heating power 
of the sun, and the moist vapours of the earth. His 
cold, however, is most prevalent, his dryness is more 
moderate. Both he and the rest receive additional 
powers fiwm the configurations which they make with 
respect to the sun and moon.' In the same manner it 
is remarked that Mars is dry and caustic, from his fiery 
nature, which, indeed, hia colour shows. Jupiter is 
well compounded of warm and moist, aa is Venus. 
Mercury is vaiiahle in his character. From these 
notions were derived others concerning the beneficial 
or hurtful effect of these stars. Heat and moisture are 
generative and creative elements; hence the ancients, 
says Proclus, deemed Jupiter, and Venus, and the 
Moon, to have a good power; Saturn and Mercury, on 
the other hand, had au evil nature. 

Other distinctions of the cliaracter of the stars ora 
enumerated, equally visionary, and suggested hy the 
most fanciful connexions. Bome are maseuline, and 



^^* THEIR MYSTICISM. '4*^ 

some feminine: the Moon and Venus are of the latter 
kind. This appears to be merelj a mythological or 
etymological association. Some are dtiimal, some 
nocturnal ; the Moon smd Venus are of the latter kind, 
the Sun and Jupiter of the former; Sutum iiuU Mars 
are both. 

Tlie fixed stars, also, and especially those of the 
zodiac, Iiad especial inSueuoea and subjects assigned to 
them. In particular, eaoh sigii was supposed to pre- 
side over a particular part of the body ; thus Ariea had 
the head assigned to it, Taurus the neck, and so on. 

The most important part of the aky in the astro- 
loger's consideration, was tliat sign of the zodiac which 
rose at the moment of the child's birth; this was, |>ro< 
perly spaiking, the horoscope, the aaceiuiani, or the 
first home; the whole circuit of the heavens being 
divided into twelve Itouaes, in which life and death, 
marrit^ and children, riches and honours, friends and 
enemiea, were distributed. 

We need not attempt to trace the progress of this 
science. It prevailed extensively among the Arabians, 
an we might expect from the character of that nation. 
Albumasar, of Bulkh in Khoraaan, who flourished in 
the ninth century, who was one of their greater 
astronomers, was also a great astrologer ; and his work 
on the latter subject, ' De Magnis Conjunctionibus, 
Annorom Revolution ibua ae eorum Perfection ibus,' 
waa long celebrated in Europe. Aboazen Haly (the 
■writer of a treatise 'De Judiciis Astromm,'} who lived 
in Spain in the thirteenth century, waa one of the 
claasiual authors on this subject. 

It will easily be supposed that when this apotetes- 
matio or judicial astrology obtained firm possession of 
men's minds, it would be pursued into innumerable 
subtle distinctions and extravagant conceits; and the 
more so, as experience could oSer little or no check to 
Bach exercises of fancy and subtlety. For the correction 
of rules of aatroli>gii»l divination by comparison with 
known events, though pretended to by many professors 
of the art, was fir too vague and fallible a guidance to 
be of aay real advantage. Eveninw\ial\iaaAiiie\ic;S>.e.\ 
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Natural Astrology, the dependence of the weather 01 
the heavenly bodies, it is easy to see what ft Tast accu 
inulatioD of well-observed facts is requisite to establish 
any true rule; and it is well known how long, in ^pitfl 
of fiLCts, fulae and groundless rules (as the dependence 
of the weather on the moon) may keep their hold t 
men's minds. When the facts are such loose and 
many-sided things as human characters, passions, and 
happiness, it was hardly to be expected that even the 
moat powerful minds should be ahle to find a footing 
sufficiently firm, to enahle them to resist the impression 
of a theory constructed of sweeping and bold asser- 
tions, and tilled out into a complete system of details. 
Accordingly, the connexion of the stars with human 
persons and actional was, for a long period, undis- 
puted. The vague, obscure, and heterogeneous character 
of such a connexion, and its unfitness for any really 
scientific reasoning, coiikl, of course, never be got rid 
of : and the bewildering feeling of earnestness and 
solemnity, with which the connexion of the heavens 
with man was contemplated, never died away. In 
other respects, however, the astrologei's fell into a 
servile commentatorial spirit ; and employed themselves 
in annotating and illustrating the works of their pre- 
dkiessors to a considerable extent, before the revival of 

It may be mentioned, that astrology has long 
been, and probably is, an art held in gi-eat esteem 
and admiration among other eastern nations besides 
the Mohammedans ; for instance, the Jews, the Indiana, 
the Siamese, and the Chinese. The prevalence of 
vague, visionary, and barren notions among these 
nations, cannot surprize us; for with regard to them 
we have no evidence, as with regard to Europeans we 
have, that they are capable, on siibjects of physical 
speculation, of originating sound and rational general 
principles. The Arts may have had their birth in all 
parts of the globe; but it ia only Europe, at particular 
tavoured periods of its history, which has ever pro- 
duced Sciences. 

We are, however, now s\ieaVwi^ ot ■*, 'n3\\^ -^vvod. 



during which this productive energy was interrupted 
and siispiendeiL During this period £urope descended, 
in intellectual character, to the level at which the 
other parts of the world have alwaja stood. Her 
Science was then a mixture of Art and Mysticism ; we 
have ooosidered several forms of this Mysticism, but 
ther« are two others which must not pass unnoticed, 
Alchemy and Magic 

We may observe, before we proceed, that the deep 
and settled influence which Astrology had obtained 
among them, appears perhaps niost strongly in the 
circumstance, that the most vigorous and clear'Sighted 
miuds which were concerned in the revival of science, 
did not, for a long period, shake otf the persuasion, that 
there was, in this art, some element of truth. Roger 
Bacon, Cardan, Kepler, Tycho Brahe. Fmucis Bacon, 
are examples of this. These, or most of them, rejected 
all the mora obvious and extravagant absurdities with 
which the snbject had been loaded ; but still conceived 
that some real and valuable t<'utlt remuined when all 
these were removed. Thus Cam]>anella,^ whom we 
shall have to speak of as one of the tirst opponents of 
Aristotle, wrote an 'Astrology piiritieJ from all the 
Superstitionii of the Jews ajid Aiubiaiis, and treated 
physiological ly.' 

4. Alchem;/. — Like other kinds of Mysticism, Al- 
chemy seems to have grown out of the notions of 
moi'al, personal, and mythological qualities, which 
men associated with terms, of which the primary 
application was to physical properties. This is the 
form in which the subject is presented to us in the 
etu'liest writings which we possess on the subject of 
chemistry ; — those of Geber^' of Seville, who is aup- 
pused to have lived in the eightji or ninth century. 
The very titles of Geber's works show the notions on 
which this pretended science (jroceeds. They are, ' Of 
the Search of Perfection;' 'Of tlie Sum of Perfection, 
or of the Perfect Magistery;' 'Of the Invention of 
Verity, or Pevfection." The basis of this phraseology 
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is the distinction of metals into more or less perferX; 
gold being the moat pei'fect, aa being the most valuable, 
moat beautiful, most pure, most dui-able ; silver the 
next ; and so on. The ' Search of Perfection,' wtis, 
therefore, the attempt to convert other metals into 
gold; and doctrines were adopted whicS represented 
the metala as all compounded of the same elements, so 
that this was theoretically possible. But the mystical 
trains of association were pursued much further thaa 
this ; gold and silver were held to be the most mtble 
of metals ; gold waii their King, and silver their Queen. 
Mythological associations were called in aid of these 
fancies, as had been done in astrology. Gkild was Sol, 
silver waa Luna, the mooo; copper, iron, tin, lead, 
were assigned to Venna, Mars, Jupiter, Saturn. The 
processes of mixture and heat were spoken of aa per- 
sonal actions and relations, struggles and victories. 
Some elements were conquerors, some conquered; there 
existed preparations which possessed the power of 
changing the whole of a body into a substance of 
another kind : these were called magialeries.''' When 
gold and quicksilver are combined, the king and the 
queen are married, to produce children of their own 
kind. It will easily he conceived, that when chemical 
operations were described in phraseology of this sort, 
the enthusiasm of the fancy would be added to that of 
the hopes, and observation would not be permitted to 
correct the delusion, or to suggest sounder and more 
rational views. 

The exaggeration of the vague notion of perfection 
and power in the object of the alchemist's search, was 
carried further still. The same preparation which 
possessed the faculty of turniug baser metals into gold, 
was imagined to be also a universal medicine, to have 
the gift of curing or preventing diseases, prolonging 
life, producing bodily sta-ength and beauty : the phihao- 
p}ter»' atone was finally invested with every desirable effi- 
cacy which the fancy of the 'philosophers' could devise. 

It has been usual to say that Alchemy was the 
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'motber of CheiBiatry; and that men would never have 
made the experimente oa which the real eeience is 
founded, if they had not been animated by the hopes 
and the energy which the delwaive art inapii-ed. To 
judge whether this is truly said, we must be able 
to estimate the degree of interest which men feel iu 
purely speculative truth, and in the real and sitb- 
stantial iuiprovement of art to which it leads. Since 
the fall of Alchemy, and the progress of real Chemistry, 
these motives have been powerful enough to engage in 
the study of the saience, a body far larger than the 
Alchemists ever were, and no lees zealous. There is 
no ap)iarei)t reason why the result should not have 
been the same, if the progress of true science had 
begun sooner. Astronomy was long cultivated without 
the bribe of Astrology. Biit, perhaps, we may justly 
say this ; — that, in the stationary period, men's minds 
were so far enfeebled and degraded, that pure specu- 
lative truth had not its full effect upon them; and 
the mystical pursuits in which some dim and dis- 
figured images of truth were sought with avidity, were 
among the provisions by which the human soul, even 
when sunk below its best condition, is perpetiially 
direoted to something above the mere objects of sense 
and appetite; — a contrivance of compensation, as it 
were, in the intellectual and spiritual constitution of 

5. Magic. — Magical Aits, so far as they were 
believed in by those who professed to practise them, 
and so far as they have a bearing in science, stand on 
the same footing as astrology ; and, indeed, a cloae 
alliance has generally been maintained between the 
two pursuits. Incapacity and indisposition to perceive 
natural and philosophical causation, an enthusiastic 
imagination, and such a faith as can devise and main- 
tain supernatural and spiritual connesions, are the 
elements of this, as of other forma of Mysticism. And 
thus, that temper which led men to aim at the magi- 
cian's supposed authority over the elements, is an 
additional exempliti cation of those habits of thought 
whicJi prevented the progress of real acieuce, ani Xiwa 
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acquisition of that command over nature which is 
founded on science, during the interval now before ua 

But there is another aspect under which the opinioDS 
connected with this pursuit may serve to illustrate tli« 
mental character of the Stationary Period. 

The tendency, during the middle agea, to attribute 
the character of Magician to almost all persons eminent 
for great specuhitive or practical knowledge, is a feature 
of those times, which shows how extensive and com- 
plete was the inability to apprehend the nature of real 
science. In cultivated and enlightened periods, anch 
OS those of ancient Gi-eece, or modem Europe, know- 
ledge ia wished for and admired, even by those who 
least possess it : but in dark and degraded periods, 
superior knowledge is a butt for hatred and feur. la 
the one esse, men's eyes are open; their thoughts are 
clear ; and, however high the philosopher may be 
raised above the multitude, they can catch glimpses 
of the intervening path, and see that it is free to all, 
and that elevation is the rewai'd of energy and labour 
In the other case, the crowd are not only ignorant, but 
Bpu'itleas; they have lost the pleasure in knowledge, 
the appetite for it, and the feeling of dignity which it 
gives : there is no sympathy which connects them with 
the learned man: they see him above them, but know 
not how he is raised or supported: he becomes an 
object of aversion and envy, of vague suspicion and 
terror; and these emotions are embodied and eanfimied 
by association with the fancies and dogmas of super- 
stition. To consider superior knowledge as Magic, 
and Magic as a detestable and criminal employment, 
was the form which these feelings of dislike asaumedj 
and at one period in the history of Europe, almost 
every one who had gained any eminent literaiy fame, 
was spoken of as a magician. Naudaeus, a learned 
Frenchman, in the seventeenth century, wrote ' An 
Apology for all the Wise Men who have been unjustly 
reported Magicians, from the Creation to the present 
Age.' The list of persons whom he thus tlunks it 
neo&isary to protect, are of various classes and ages. 
Alkiridi, Gt:ber, At\*^\^ua, TW\i\t, Ba.-j'OJ.u.Qd Lully, 
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Arnold de VillS, Nov4, Peter of Apono, and Paraoel- 
SU3, had incurred tie black anspicion as jihysiciana or 
alcheraiste. Thomas Aqiiinas, Koger BacoD, Michaul 
Scot, Ficus of Mirandiila, and Trithemliis, liad not 
escaped it, though miuiaterM of religion. Even digni- 
tariea, such as fiohert tiroateste, Bishop of Lincolt], 
Albertus Magnus, Bishop of Eatiahon, Popes 8ylvB.iter 
the Second, and Gregory the Seventh, had been 
involved in the wide calumny. In the aame way in 
whicL the vulgar confounded the eminent learning and 
knowledge which had appeared in recent times, with 
skill in davk and supernatural arts, they converted 
into wizards all the best-known names in the rolls of 
fame; as Aristotle, Solomon, Joseph, Pythagoras; 
and, finally, the poet Virgil was a powerful and skilful 
necromancer, and this fancy was exemplified by many 
Btrange stories of his achievements and practices. 

The various results of the tendency of the human 
mind to mysticism, which we have here noticed, form 
prominent features in the intellectual character of the 
■world, for a long course of eenturies. The theosophy 
and theurgy of the Neoplatoniata, the mystical arith- 
metic of Uie Pythagoreans and their successors, the 
predictions of the astrologers, the pretences of alchemy 
and magic, represent, not uniiurly, the general character 
and disposition of men's thoughts, with reference to 
philosophy and science. That there were stronger 
minds, wliich threw off in a greater or less degree this 
train of delusive and unsubstantial ideas, is true; as, 
on the other hand. Mysticism, among the vulgar or 
the foolish, often went to an extent of extravagance 
and superstition, of which I have not attempted to 
convey any conception. The lesson which the pre- 
ceding survey teaches us is, that during the Stationary 
Period, Mysticism, in its various forms, was a leading 
character, both of the common mind, and of the speou- 
lations of the most intelligent and profound reasoners; 
and that this Mysticism was the opposite of that habit 
of thought which we have stated Science to require ; 
namely, clear Ideas, distinctly employed to connect 
well-ascertaiut'd Pacts; inasmuch as the licaa m -sflVvOa. 
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it dealt were vague and unstable, and the temper in 
which they were contemplated was an urgent and 
aspiring enthusiasm, which could not submit to a calm 
conference with experience upon even terms. The 
fervour of thought in some degree supplied the place 
of reason in producing belief; but opinions so obtained 
had no enduring value ; they did not exhibit a perma- 
nent record of old truths, nor a firm foundation for 
new. Experience collected her stores in vain, or 
ceased to collect them, when she had only to pour 
them into the flimsy folds of the lap of Mysticism; 
who was, in truth, so much absorbed in looking for the 
treasures which were to fall from the skies, that she 
heeded little how scantily she obtained, or how loosely 
she held, such riches as might be found near her. 



CHAPTER IV. 
Of the DoQHATiaii of the Statiokart Period. 

IN speaking of the character of tho age of commen- 
tators, we noticed principally tlie iugenioua servility 
which it displays ; — the acuteneaa with which it finds 
ground for speculation in the espression of other men's 
thoughts;— the want of all vigour and fertility in 
acquiring any real and new truths. Such wan the 
character of the reaaoners of the stationary period from 
the first j hut, at a later day, this character, tram 
various causes, was modified by new features. The 
servility which had yielded itself to the yoke, insisted 
upon forcing it on the necks of othera; the subtlety 
which found all the truth it needed in certain accre- 
dited writings, resolved that no one should fi.nd there, 
or iu any other region, any other truths; s{)eculative 
men became tyrants without ceasing to be slaves; to 
their character of Commentators they added that of 
Dogmatists. 

I. Origin of the Scholastic PhUosophy. — Tho causes 
of this change have been very happily analysed and 
described by several modem writers,' The general 
nature of the process may be briefly stated to have 
been the following. 

The tendencies of the later times of the Roman 
empire to a commenting literature, and a second-hand 
philosophy, have already been noticed. The loss of the 
dignity of political freedom, the want of the cheerful- 
ness of advancing prosperity, and the substitution of 
the less philosophit^ structure of the Latin language 
for the delicate intellectual mechanism of tho Greek ; 
fixed and augmented the prevalent feebleness and 

< Dr. Mmnpdfn. In Uic Life of ThomBS Aqulniut. In the Emit- 
M'trop. DiigentB6o,lliia. Comparer, 10}. ly. AiaoTemirmaoB, lli^ii. of 
Pkil. ral. rm. Inlrodactioa. 
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harrenneas of intellect. Men forgot, or feared, to oon- 
ault nature, to seek for new truths, to do what the 
great diacoverera of other times had done ; they wert 
content to coosiilt libraries, to study and defend old 
opinions, to talk of what great geniuses had sfud, 
They sought their philosophy in accredit-ed t^eati6e^ 
and darod not question such doctrines aa they there 

The character of the philosophy to which they were 
thus led, waa determined by this want of courage and 
originality. There are various antagonist principles 
of opinion, which seem alike to have their root in the 
intellectual constitution of man, and which are main* 
tained and developed by opposing sects, when th« 
intellect is in vigorous action. Such principles are, 
for instance, — the claims of Authority and of Eeaaoii 
to our assent ; — the source of our knowledge in Expe- 
rience or in Ideas ; — the superiority of a. Mystical or 
of a Skeptical turn of thought. Such oppositions of 
doctrine were found in writers of the greatest feme ; 
and two of those, who moat occupied the attention of 
students, Flato and Aristotle, were, on several points 
of this nature, very diverse from each other in theit 
tendency. The attempt to reconcile these philoaophere 
by Buijthiua and others, we ha,ve already noticed ; aai 
the attempt was so far successful, that it left on men' 
minds the belief in the possibility of a. great philog 
phical system which should be based on both them 
writers, and have a claim to the assent of all sober 
speculators. 

But, in the mean time, the Christian Religion 
become the leading subject of men's thoughts ; i 
divines had put forward its claims to be, not merely 
the guide of men's lives, and the means of reconciling ' 
them to their heavenly Master, hut also to be a Philo- ■ 
Bophy in the widest sense in which the term had 
been used j — a consistent Bpeculative view of mi 
condition and nature and of the world in which h 
placed. 

These claims had been acknowledged ; and, unfor* 
tunately, from t\ie mteWwA^isA coa&'tvoii cA 'iJae U.'saft*^, 
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ivith no iae appreheusion of tbe neceeaaiy ministiy of 
Obnervation, FLiid B«asou dealiug with obserration, by 
whicli alone auch. a. aystem can be embodied. It was 
beld, without any regulating principle, that the Philo- 
Bophy which had been bequeathed to the world liy the 
great geniuses i>f heathen antiquity, and the Philosophy 
which was deduced from, and implied by, the Revela- 
tiona made by God to man, must be identical ; and, 
therefore, that Theology ia the only true Pliiloaophy, 
Indeed, the Neoplatoniata had already arrived, by 
other roads, at the same conviction. John Scot 
Erigena, in the reign of Alfred, aud conser|uently 
before the existence of the Scholastic Philoaophy, pro- 
iwrly BO called, had reasserted this doctrine.^ Anselm, 
in the eleventh century, again brought it forward ;* 
and Bernard de Chartres, in the thirteenth.* 

This view was confirmed by the opinion which 
prevailed, concerning tbe nature of philosophical 
troth i a view supported by the theory of Plato, the 
practice of Aristotle, and the general propensities of 
the human mind : I mean the opinion that all science 
may be obtained by the use of reasoning alone ;— 
that by analysing and combining the notions which 
common language brings before us, we may learn all 
that ve can know. Thus Logic came to include the 
whole of Science ; and accordingly this Abelard ex- 
pressly maintained.^ I have already explained, in 
Home measure, the fallacy of this belief, which consists, 
a» has been well said,^ ' in miatating the universality 
of the theoiy of language for tbe generalization cif 
iacts.' But on all accounts this opinion is readily 
accepted ; and it led at once to the coacluaion, that 
the Theological Philosophy which we have described, 
is complete as well as true. 

Thus a Universal Science was established, with the 
authority of a Religious Creed. Its universality rested 
on erroneous vie w^ of the relation of words and truths; 
its pretensions as a science were admitted by the servile 

'Deg.i¥,3S'- 'Ib.U.JSB. 'Ib.iv.+iS 

' lb. Iv.+o;. 6 £"c, M.(.8^1. 
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temper of men's intellects ; and its religious authority 
waa Bxaigned it, by making all truth part of religioD. 
And as Keligion claimed assent within her own juris- 
diction under the most solemn and imperative sano 
tiona, Philosophy shared in her imperial power, and 
diaaent from ikeiT doctrines was no longer blameless 
or allowable Errour became wicked, dissent became 
heresy; to reject the I'eceived human doctrines, was 
nearly the same as to doubt the Divine declarations. 
The iSc/iolastie Pkiloaophy claimed the assent of all 
believers. 

The external form, the details, and the text of thii 
philosophy, were taken, in a great measure, from Ari- 
stotle ; though, in the spirit, the general notions, and 
the style of interpretation, Plato and the Platouists 
had no inconsiderable share. Yarious causes contri- 
buted to the elevation of Aristotle to this distinction. 
His Logic had early been adopted as an instrument 
of theological disputation; and his spirit of Bystemati- 
zation, of subtle diatiiictiou, and of analyida of worda, 
as well as his disposition to argumentation, afforded 
the most natural and grateful cmploymeut to the com- 
mentating propensities. Those principles which we 
before noted as the leading points of his physiod 
philosophy, were selected and adopted ; and these, 
presented in a most technical form, and applied in a 
systematic manner, constitute a large portion of the 
philosophy of which we now speak, so far as it pretends 
to deal with physics. 

2. Scholastic Ooginas. — But before the complete 
ascendancy of Aristotle was thus established, when 
something of an intellectual waking took place after 
the darkness and sleep of the ninth and tenth centu- 
ries, the Platonic doctrines seem to have had, at first, 
a strong attraction for men's minds, as better tailing 
in with the mystical speculations and contempl«tivQ 
piety which belonged to the times. John Scot Erigena' 
may be looked upon as the reviver of the New Pla- 
toniam in the tenth century. Towards the end of the 

■> Deft. in. ii. 
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eleventh, Peter Daniien,* in Italy, reproduced, iavolved 
in a theological discussion, some NeoplaConic ideas. 
GcMlefroy' aJso, censor of St Victor, has left a treatise, 
entitled Microcosimia ; this ia founded on a mystical 
analogy, often afterwards again hrought forward, be- 
tween Man and the Universe. ' FhilosopherH and 
theologians,' says the writer, ' i^ree iu coLsidering man 
as a little world ; and its the world is composed of four 
elements, """i is endowed with four iacultiea, the 
senses, the imagination, reason, and uadBratauding.' 
Bernard of Chartrea,"* in hia Mega^cogmria and Aficro- 
eosmtui, took up the same notioua. Hugo, abbot of 
St. Victor, made a contemplative life the main point 
and crown ot his philosophy; and is said to have been 
the first of the scholastic writers who made psychology 
his special study, ' He says the lacuhies of the mind 
are ' the senses, the imagination, the reason, the me- 
mory, the understanding, and the intelligence.' 

Physics does not originally and properly form any 
prominent part of the Scholastic Philosophy, which 
consists maijily of a aeries of queationa and determi- 
nations upon the various points of a certain technical 
divinity. Of this kind is the Book of Sentences of 
Peter the Lombard (bL^hop of Paris), who is, on that 
account, osually called 'Magister Senteutiarum;' a work 
which was published in the twelfth century, and wm 
long the test and standard of such rhscussions. The 
questions are decided by the authority of Scripture 
and of the Fathers of the Church ; and are divided 
into four Books, of which the first contains questions 
concerning God and the doctiiiie of the Trinity in 
particular ; the second is concerning the Ci'eation; the 
third, concerning Christ and the Christian Religion ; 
and the fourth treats of Religious and Moral Duties. 
In the second Book, as in many of the writers of this 
time, the nature of Angels is considered in detail, and 
the Orders of their Hierarchy, of which there were 
held to he nine. The phj^cal discussions eater only 
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aa bearing upon the scriptural history of the creation, 
snd cannot be taken as a sjiecimen of the work j but 
I may observe, that in BpeJiing of the division of the 
watei-B above the firmament, from the waters nni" 
the firmament, he gives one opinion, that of Sede, 
that the former waters are the solid crystalline heaveoii 
in which the stars are fixed,'^ 'for crystal, which is 
HO hard and tranBparent, is made of water,' But he 
mentions also the opinion of St, Augustine, that the 
waters above the heavens are in a state of vapour, 
(vaporaliter) and in minute drops; 'if, then, water 
can, as we see in clouds, be so minutely divided that 
it may be thus supported as vapour on air, which is 
naturally lighter than water ; why may we not believe 
that it floats above that lighter celestial element ii 
still minuter drops and still lighter vapours ? But in 
whatever manner the waters are there, we do not doubt 
that they are there.' 

The celebrated Summa Theologim of Thomas Aquine 
is a work of the same kind; and anything which ha 
a physical bearing forma an equally small p£irt of it. 
Thus, of the 512 Questions of the Summa, there is 
only one {Part I., Quest 115), ' on Corporeal Action,' 
or on any part of the material world ; thongh there 
are several concerning the celestial Hierarchies, aa ' 1 
the Act of Angels,' 'on the Speaking of Angela,' '1 
the Subordination of Angels,' ' on Guardian Angels,' 
and the like. Tliis, of course, wonld not be remarkable 
in a treatise on Theology, except this Theology ■« 
intended to constitute the whole of Philosophy. 

We may observe, that in this work, though Plato, 
Avecibron, and many other heathen aa well as Chris- 
tian philosophers, are adduced as authority, Aristotle , 
is referred to in a peculiar manner as ' the philosopher 
This is noticed by John of Salisbury, aa attracting ' 
attention in his time; (he died A.11. 1182.) 'The 
various Masters of Dialectic,' says he,'^ 'shine, each 
with his peculiar merit ; but all are proud to worship 
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the footsteps of Aristotle ; so mucli so, indeed, tlm^t tLe 
uame of pliiiomphtr, which belongs to tlieni all, bas 
been pre-eminently apprupriated to bim. He is called 
the uliiloaopher autonomatice, that is, by excellence.' 

The Question coaceming Corporeal Action, in Aqui- 
nas, is di'?ided into six Articleti; and the oonclusioa 
delivered upon the first, in," that ' Body being com- 
pounded of power and act, ia active as well as passive.' 
Against this it is urged, that quantity is an attributa 
of body, and that quantity prevents action; that this 
appears in fiu;t, since a. hirger body is more difficult to 
move. The author replies, thiit ' quantity does not 
prevent corporeal form from action altogether, but 
prevents it from being a universal agent inasmuch as 
the form is in<livi dualized, which, in matter subject to 
quantity, it is. Mui-eover, the illuati-ation deduced 
from the ponderousneaa of bodies is not to the purpose; 
first, liecanse the addition of quantity is not the cause 
of gravity, aa ia proved in the fourth book, De Ctelo 
and De Mundo' (we see that he quotes familiarly the 
physical treatises of Aristotle); 'second, because it is 
false that ponderousness malces motion slower; on the 
contrary, in proportion aa anything is heavier, the 
more does it move with its proper motion; thirdly, 
because action does not take place by local motion, as 
Democribus asserted; hut hy this, that something is 
drawn from power into act.' 

It does not belong to our purpose to consider either 
the theological or the metaphysical doctrines wliicb 
form BO large a portion of the treatises of the school- 
men. Perhaps it may hereafter appear, that some 
light is thrown on some of the questions which have 
occupied metaphysiciana in all ages, by that examina- 
tion of the history of the Progressive Sciences in which 
ve are now engaged; but till we are able to analyse 
the leading controversies of this kind, it would be of 
little service to speak of them in detail. It may be 
noticed, however, that many of the moat prominent of 
tliem refer to the great question, — ' What ia the rela- 
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ti on between actud tilings and general terms]' Perhaps 
iu modei-u times, the actufti things would be more 
commnnlj taken aa the point to start fi'oin ; and men 
would begin bj considering how classes and imiversals 
are obtained from individuals. But the schoolmen, 
founding their speculations on the ret^ived modea of 
considering such subjects, to which both Aristotle uid 
Plato had contributed, travelled in the opposite direc- 
tion, and endearoured to discover how iudiTidualswere 
deduced from genera and species; — what was 'the 
Principle of Individuation.' This was variously staited 
by different reasoners. Thus Bonaventura'' solvesthe 
difficulty by the aid of the Aristoteljan distinction of 
Matter and Form. The individual derives from tha 
Form the property of being something, and from tiie 
Matter the propei-ty of being that particular thiag. 
Suns Scotua,^^ the great adversary of Thomas Aquinas 
in theology, placed the principle of Individuation in 
' a cei-tain determining positive entity,' which hia 
school called Ncecceily or thisnegs. ' Thus an indi- 
vidual man is Peter, because his kumanity is combined 
with Petreily' The force of abstract terms 'iA a curioni 
question, and some remarkable exjieriments in their 
use hod been made by the Latin Aristotelians before 
this time. In the same way in which we talk rS tbs 
quantity and quality of a thing, they spoke of its 
quiddity y^ 

We may consider the reign of mere dispntation as 
fully established at the time of which we are now 
speaking; and the only kind of philosophy henceforth 
studied was one in which no sound ]ihysical science 
had or could have a place. The wavering abstractions, 
indistinct generalizations, and loose cla.ssifications of 
common language, which wc have already noted as 
the fountain of the physics of the Gn^ek Schools of 
philosophy, were also the only source from which the 
Schoolmen of the middle ages drew their viewa, or 
rather their arguments; and though these notional 
and verbal relations were invested with a most com- 
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plex and pedantic techTiicaiity, they did not, on that 
acoDunt, become at all more precise as notions, 
moet lilcelj to lead to a single real tnitL Instead 
aoi^uiring distinct ideas, they multiplied abutract terms 
instead of real general izatioiiB, they bad recourse tc 
verbal distinctions. The whole comne of their employ- 
meots tended to make them, not only ignonint of phy- 
sical truth, but incapable of conceiving its nature. 

Having thus tukea upon themselves the task of 
raistug aud discussing questions fay meuiis of abstract 
terms, verbal distinetions, and logical rules alone, 
there was no tendency in their activity to come to an 
end, as there was no progress. The same questions, 
the same answers, the same difficulties, the same solu- 
tions, the same verbal subtleties, — sought for, admired, 
cavilled at, abandoned, reproduced, and again admired, 
— might recTir without limit. John of Salisbury^^ 
observes of the Parisian teachers, that, after several 
years' alisence, he found them not a step advanced, aud 
still employed iu urging and partying the same argu- 
ments; and this, asMr. Hallam remarks.'^ 'wiw equally 
applicable to the period of centuries.' The same kiiote 
were tied and untied; the same clouds wei-e foi'med 
and dissipated. The poet's censure of 'the Sons of 
Aristotle/ is as just as happily expressed : — 



n 



ThsT eUnd I^^H 


Loclied np togeth 


r hand in hand ; ^^H 


Ever; one 1ei><ls aa he ia M, ~^H 


The same bare pMli the; tread. 


And dance like PaiiicB 


Fantastic riinud. 


But neitlier change Iheu 


motion nor their ground. 


l> He stDdlcd loglo at ParU, at 


vitem collatione mului corame- 


Bt-OenerifevB.and then left them. 


ttremur proftMum. Invputi sunt, 


■ DoodKennium mlhl eUpiuui est 


qui fncrent, el obi 1 ncque enim 




ad palmam Till lunt proceulaaa 


cuBduin ilaque viaum ert yetrrei 


ad quiesllanee prlsllnis dlrimendu, 








JKcrant. Quibui urt^bint atl- 


(SuictK GeoovcrK) revlwrBMcioi, 




conrerre cum eia super ambigul- 


*c. .WrfniftjicMs, lib. ii. cap. 10. 


UUbae prliliDls: ul Dostr&m la- 


" Jfiddle^[,«.\\\.5^T. 



246 THYSICAL SCIENCE IS THE 

It will, therefore, be unnecessary to go into any 
detail respecting the history of the School Philosophy 
of the thirteenth, fourteenth, and fifteenth centuries. 
We may suppose it to have been, during the inter- 
mediate time, Buch as it was at first and at last. An 
occasion to consider its later days will be brought 
before uh by the course of our subject. But, e?en 
during thp most entire ascendency of the scholastic 
doctrines, the elements of change were at work. "While 
the doctors and the philosophers received all the osten- 
sible homage of men, a doctrine and a philosophy of 
another tind were gradually forming : the practical 
instincts of man, their impatience of tyranny, the pro- 
gress of the useful ari;s, the promiaea of alchemy, were 
all disposing men to reject the authority and deny the 
pretensions of the received philosophical creed. Two 
antagonist forms of opinion were in existence, which 
for some time went on detached, and almost inde- 
pendent of each other; but, finally, these catne into 
conflict, at the time of Galileo; and the war speedily 
extended to every part of civilized Europe. 

3. Scholastic Physics. — It is diflScult to give briefly 
any appropriate examples of the nature of the Ari- 
stotelian physics which are to be found in the works of 
this time. As the gravity of bodies was one of the 
first subjects of dispute when the struggle of the rival 
methods began, we may notice the mode in which it 
was treated.-"" ' Zabarella maintains that the proxi- 
mate cause of the motion of elemente is the form, in 
the Aristotelian sense of the term : but to this sentence 
we,' says Keckerman, 'cannot agree; for in all other 
things the Jorm is the proximate cause, not of the ofl, 
but of the power or faculty from which the act flows. 
Thus in man, the rational soul is not the cause of the 
act of laughing, but of the risible faculty or power.' 
Keckerman's system was at one time a work of con- 
siderable authority; it was published in 1614. By 
comparing and systematizing what he finds in Aristotle, 
he is led to state his results in the form of definitions 
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and theorems. Tiiua, 'gravity is a motive quality, 
ariaing from cold, density, and bulk, by which the 
elemeuta are carried downwards.' ' Water is the lower 
intermediate element, cold and moist.' The first 
theorem ooaceming water is, ' The moistness of water 
is controlled by its ooldness, so that it is les» than the 
moiatneBa of the air; though, according to the sense of 
the vulgar, water appears to moiateo more than air.' It 
is obvious tliat the two properties of fluids, to have 
their parts easily moved, and to wet other bodies, are 
here confounded. I may, as a eoncluding specimen of 
this kind, mention those propositions or maxims con- 
cerning fluids, which were so firraiy established, that, 
when Boyle propounded the true mechanical principles 
of fluid action, he was obliged to state his opinions as 
' hydrostatical paradoxes' These were, — that fluids do 
not gi-avitate in propria loco; that is, that water haa 
no gravity in or on water, since it is in its own place; 
— that air has no gravity on water, since it is above 
water, which is its proper place; — that earth in water 
tends to descend, since its place is below water; — that 
the water rises ia a pump or siphon, because nature 
abhors a vacuum ; — that some bodies have a positive 
levity in others, as oil in water; and the like. 

4. Aitlkorily of Aristotle among the SdioolmeTi. — 
The authority of Aristotle, and the practice of making 
him the text and basis of the system, especially as it 
regarded physics, prevailed during the period of which 
we speak. This authority was not, however, without 
its fluctuations. Launoy has traced one part of its 
history in a book On tin various Fortune of Aristotle 
in the University of Paris. The most material turns 
of this fortune depend on the bearing wliicb the works 
of Aristotle were supposed to have upon theology. 
Several of Aristotle's works, and more especially hia 
metaphysical writings, had been ti-anslated into Latin, 
and were explained in the schools of the University of 
Faria, as early as the beginning of the thirteenth cen- 
tury.^* At a council held at Pai-is in 1 zog, they ■^ 
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prohibited, as having given occasion to the heresy of 
Almeric (or Amauri), and because ' they might j^ve 
occasion to other heresies not yet iiivented.' Tha 
Logic of Ariatotla recovered its credit some years after 
this, and was jrabhcly taught in the University of 
Paris, in the year 1315; but the Natural Philosophy 
and Metaphysics were prohibited by a decree of Gre- 
gory the Ninth, in 1231. The em[>epor Frederic the 
Second employed a number of learned men to translate 
into Latin, from the Greek and A-rabic, certain boo^ 
of Aristotle, and of other ancient sages; and we have 
a letter of Peter de Vineis, in which they are recom- 
mended to the attention of the University of fologno, ; 
probably the same recommendation was addressed to 
other Univetsitiea. Both Alhertus Magnus and Thoniu 
Aquinas wrote commentaries on Aristotle's work; 
and as this was done soon after the decree of Gregory 
the Ninth, Launoy is much perplexed to reconcile tha 
fiict with the orthodoxy of the two doctors. Campa- 
nella, who was one of the first to cast off the authority 
of Aristotle, says, ' We are by no means to think that 
St. Thomas arietotelUed; he only expounded Aristotle, 
that he might correct his errours; and I should con- 
ceive he did this with the license of the Pope.' This 
statement^ however, by no means gives a just view of 
the nature of Albertus's and Aquinaa'a commentaries. 
Both have followed their author with profound defe- 
rence.*^ For instance, Aquinas" attempts to defend 
Aristotle's assertion, that if there wei'e no resistance, a 
body would move through a space in no time; and tha 
same defence is given by Scotus. 

We may imagine the extent of authority and admi- 
ration which Aristotle would attain, when thus 
countenanced, both by the powerful and the learned. 
In universities, no degi'ee could be taken without a 
knowledge of the philosoplier. In 1452. Cardinal 
Totaril established this mle in the University of 
Paris." When Ramus, in 1543, published an attack 
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upon Aiistotle, it was repelled by the power of the 
coitrt, and the aeverity of the law. Francis the Fhst 
published an edict, in which ho states that he had 
appointed certain judges, who liad been of opinion,-^ 
' qae le dit Bauua avoit et^ t6ni5raire, arrogant et 
impudent; et que parcequ'eu son livre des auimad* 
veraiona il reprenait Aristotle, estait 6videmment 
connue- et manifuste son ignorance.' The books are 
then declared to be suppressetL It was often a com- 
plaint of pious men, that theology was corrupted by 
the influence of Aristotle and his commentators. 
Petrarch saya,^' that one of the Italian learned men 
conversing with him, after expressing much contempt 
for the apostles and fathers, excltuuied, ' Utinam tii 

II Averroen pati pusses, ut videres qnanto ille tuis his 

Unngatoribus major sit!' 

k When the revival of letters began to take place, and 

I'm nnmber of men of ardent and elegant minds, sus- 

^■Geptible to the impressions of beauty of style and 
dignity of thought, were brought into contact with 
I'Oreelc literature, Plato had naturally greater charms 
! for them. A powerful school of Piatonists (not N"eo- 
I 'filatoniata) was foi-med in Italy, including some of the 
' Niocipal BchoJara and men of genius of the tiroe; as 
\ PioiiH of Mirandula in the middle, Marsilius Ficinus at 

!!&B end, of the fifteenth century. At one time, it 
'appeared as if the ascendency of Aristotle \raa about 
io be overturned ; but, in physics at least, his autho- 
rity passed unshaken through this trial. It was not 
"by disputation that Aristotle could be overthrown; 
ftnd the Piatonists were not persons whose doctrines 
led them to use the only decisive method in such 
Mses, the observation and unfettered interpretjitiun of 
bete. 

The history of their controversies, therefore, does not 
Wong t« our design. For like reasons we do not here 
apeak of other authors, who opposed tlio scholastic 
jiulosophy on general theoretical gi-ounda of various 
■nnda. Such examples of insurrection gainst the 

itj.^uaar.p. 111. « Uallmo.M, A. V.i.SiS. 
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(lojrnatism which we have been reviewing, are ex 
tremely interesting events in the history of the phi- 
loHOjjhy of scienca But, in the present work, we art 
to confine oureelves to the history of scienoe itaelf ; in. 
the hope that we may thus be able hereafter, to throir 
a steadier light upon that philosophy by which tbs 
succession of stationary and progressive ])erioda which 
we are here tracing, may be in some measure explained. 
We are now to close our account of the atationniy 
period, and to enter upon the great subject of the pro- 
gress of physical science in modem times. 

5. SubjeeU amiUed. Civil Law, Medicine. — My oV 
jmrt has been to luake my way, as rapidly as posailile, to 
this period of pi-ogress ; and in doing this, I have had 
to pass over a long and barren tract, where almost alt 
traces of the right road disappear. In exploring this 
region, it is not without some difficulty that he vrhc is 
travelling with objects such as mine, coutinuea a steady 
progress in the proper direction ; for many curions and 
attractive subjects of research come in hia way; ho 
crosses the track of many a controversy, which in ita 
time divided the world of speculators, and of wbich 
the results may he traced, even now, in the conduct of 
moral, or political, or metaphysical diacnssious ; or m 
the common associations of thought, and forms of hin- 
gunge. The wars of the Nominalists and Realiats ; 
the disputes concerning the foundations of morals, and 
the motives of human actions; the controversies con- 
cerning predestination, free will, grace, and the many 
other points of metaphysical divinity; the influence of ■ 
theology and metaphysics upon each other, and upon I 
other subjects of human curiosity; the effects of opinion 
upon polities, and of political condition upon opinion; 
the inflaence of literature and philosophy upon each 
other, and upon society; and many other subjects; — 
might be well worth esaniination, if our hope of suc- 
cess did not reside in pursuing, steadily and directly, 
those inquiries in which we can look for a definite 
and certain reply. We must even neglect two of the 
luttding studies of those times, which occupied much 
of men's time ani ftiOwjVxsi a-ii4 ^^^ ■*■ "'>«i ^wi.t. 
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influence on society; the one dealiog with Notions, 
the other with Things; the one employed about moral 
niles, the other about material causes, hut both for 
practitsl ends; I mean, the study of the Civil Law, 
and of Medicine. The second of these studies will 
hereafter come before iia, as one of the principal occa- 
eious which led to the cultivation of chemifitry; but, 
in itself its progress is of too complex and indefinite a 
nature to be advantageously compared with tha,t of 
the more exact sciences. The Roman Law is held, by 
ita admirers, to be a system of deductive soience, as 
exact as the mathematical nciences themselves; and it 
may, therefore, be useful to consider it, if. we should, 
in the sequel, have to examine how far tliei-e can exist 
aa analogy between moral and physical science. But, 
after a few more words on the middle ages, we must 
return to oar task of tracing the progress of the latter. 



CHAPTER V. 

pROGKESa OF TUE ArtS IN THE MIDDLE AgES. 

1. A RT arid Scienct. — I shall, before I resnme tiif 
-^-*- history of science, say a few worda on tbe 
subject described in the title of this chapter, boti 
because I might otherwise be accused of doing injuatiea 
to the period now treated of; and also, because we 
eliall by this means bring under our notice, some 
circumstances which were important as being the 
harbingers of the reviva! of progressive knowledge. 

The accusation of injustice towards the state of 
science in the middle agea, if we were to terminate 
our survey of them with what has hitherto been said, 
might be ui^ed from obvious topics. How do wo 
recognize, it might be asked, in a picture of mere 
confusion and mysticism, of thought, of servility and 
dogmatism of character, the powers and acquirements 
to which we owe so many of the most important 
inventions which we now enjoyi Parchment and 
jiaper, printing and engraving, improved glass and 
ateel, gunpowder, clocks, telescopes, the mariner's 
compass, the reformed calendar, the decimal notation, 
algebra, trigonometry, chemistry, counterpoint, an 
invention equivalent to a new creation of music; — 
these are all possessions which we inherit irom that 
which has been so disparagingly termed the StationaiT" 
Period. Above all, let us look at the monuments <S 
architecture of this period; — the admiration and the 
despair of modem architecte, not only for their beauty, 
but for the skill disclosed in their construction. With 
all these evidences before us, how can we avoid allow- 
ing that the masters of the middle ages not only madft'' 
some small progress in Astronomy, which has, grudp 
ingly as it would seem, been admitted in a former 
Book; but also that they were no small proficients in 
other scieucBB, in Optica, in Harmonics, in Physios, 
and, above all, in. "M.ecWu.ics'i 
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If, it may be added, we are allowed, in tlie preseiit 
day, to refer to the perfection of our arts as evidence 
of the advanced state of our physical philoaophy ; — if 
r steam-engiues, our gas-illumination, our buildings, 
r navigation, our taanufaoturHH, are cited as triumphs 
science ;^ — ahail not prior inventions, made under 
&r heavier disadvantages, — shall not greater works, 
|)rodiiced in an earlier state of knowledge, abo be 
admitted aa witnesses that the middle ages had their 
share, and that not a small or doubtful one, of 
science) 

To these questions I answer, by distinguishing 
between Art, and Science in that sense of general 
Inductive Systematic Truth, which it bears in this 
■work. To separate and compare, with precision, these 
two processes, belongs to the Philosophy of Induction ; 
and the attempt must be reserved for another place : 
but the leading differences are sufficiently obvious. 
Art is practical. Science ia speculative: the former is 
I seen in doing; the latter rests in the contemplation of 
what ta known. The Art of the builder appears in 
lU edifice, though he may never have meditated on 
the abstract propositions on which its stability and 
Strength dependa The Science of the mathematical 
mechanician consists in his seeing that, under certain 
conditions, bodies must sustain each other's pressure, 
though he may never have applied his knowledge in a 
single case- 
Now the remark which I have to make is this: — in 
all cases the Arts are prior to the related Sciences. 
Art is the parent, not the progeny, of Science; the 
realization of principles in practice forms part of tlie 
prelude, as well as of the sequel, of theoretical discovery. 
And thus the inventions of the middle ages, which 
have been above enumerated, though at the present day 
they may be portions of our sciences, are no evidence 
that the sciences then exbted; but only that those 
powers of practical observation and practical skill were 
at work, which prepare the way for theoretical views 
and scientific discoveries. 

It luojr be urged, that the great wovVa ol Krt. iw. 
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virtually take for granted principlea of sciet 
that, therefore, it ia uureaaonable to deny at 
great artists. It may be said, tliat the graod struotorM 
of Cologne, or Amiena, or Canterbury, could not have 
been erected without a profound knowledge of mecha- 
nical principles. 

To this we reply, that mth knowledge is manifesttf 
not of the nature of that which we call science. If the 
beautiful and skilful structures of the middle agea 
prove that mechanics then eidstad as a science, 
mechanics must have existed as a science also among 
the builders of the Cyclopean, walla of Greece and 
Italy, or of our own Stonehenge; for the masses whicb 
are there piled on each other, could not be raised 
without considerable meolianical skill. But we njiiy 
go much further. The actions of every man who 
raises and balances weights, or walks along a pole, take 
for granted the laws of equilibrium ; and even aninialg 
constantly avail themselves of such priuciples, Ars 
these, then, acquainted with mechanics as a aciencel 
Again, if actions which are performed by taking 
advantage of mechanical properties prove a knowledge 
of the science of mechanics, they must also be allowed 
to prove a knowledge of the science of geometry, when 
thayproceed on geometrical properties. But the most 
familiar actions of men and animals proceed upon 
geometrical truths. The Epicureans held, bm Proclus 
informs ns, that even asses knew that two sides of a 
triangle are greater than the tliird. And animals may 
truly be said to have a practical knowledge of tiiiK 
tmth; but they have not, therefore, a science U. 
geometiy. And in like manner among men, if we con«- 
sider the matter strictly, a practical assumption of fc 
principle does not imply a speculative knowledge of ik; 

We may, in another way also, show how iuadmissihU 
are the works of the Master Artists of the middle age* 
into the scries of events which mark the advance of 
Soienca The following maxim is applicable to ■ 
history, such as we are here endeavouring to writer 
We are employed in. tracing the progress of sudt 
1 principiea a* WJAwt\ta.\fc e»t^ (A "Ju.* '!«=\i£us«h 



PROGRESS OF THE ARTS. 355 

%r]iioh we are reviewing; and no facta or snbordinale 
buth» belong to our scheme, except so far as they lead 
to or are included iii these higher principles; nur are 
they important to us, any further than aa they prove 
JKicli principles. Now with regard to proceaaea of art 
^e tboae which we have referred to, namely, the inven- 
tions of the raiildle ages, let us ask, wlial principle each 
fi thera illustrates! What chemical doctrine rests for 
JtB support on the phenomena of gunpowder, or glass, 
m steeH What new harmonical trath was illuatrateii 
In the Gregorian chant} What mechanical principle 
snkuowTi to Archimedes was displayed in the priiiting- 
'jireBs! The practical value and use, the ingenuity and 
l^ill of these inventions is not questioned; bntwhat is 
their place in the history of speculative knowledge ? 
Even in those cases in which they enter into such a. 
I history, how minute a figure do they make ! bow 
great is the contrast between their practical and 
theoi«tical irapoitanoe! They may in their operation 
tave changed the face of the world; but in the history 
of the principles of the sciences to which they belong, 
they may he omitted without being mwsed. 
I As to that part of the objection which was stated 
by aaking, why, if the arts of our age prove its scientific 
eminence, the arts of the middle ages should not be 
received as proof of theirs ; we must reply to it, by 
■ giving up some of the pretensions which are often put 
forwards on behalf of the science of our times. The 
perfection of the mechanical and othei' arts among us 
proves the advanced condition of our sciences, only in 
^ Ml far as these arts have been perfected by the applica^ 
tion of some great scientific truth, with a clear insight 
into its nature. The greatest improvement of the 

I steam-engine was due to the steady apprehension of 
hn atmological doctrine by Watt; hut what distinct 
theoretical principle is illustrated by the beautiful 
manu&ctures of porcelain, or steel, or glass ) A 
chemical view of these compounds, which would explain 
the conditions of success and failure in their manu- 
&cture, would be of great value in art ; and It wowW. 
Mho be a novelty in chemical theory; bo WtWe \a 'CUte 
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present condition of those procesaes a triumph of 
science, shedding intellectuaj glorr on our age. And 
the same might be s^d of many, or of most, of the 
processes of the arts as dow practised. 

7. Arafnan Sdejiee. — Having, I trust, established 
the view I have stated, respecting the relation of Art 
and Science, we shall be able very rapidly to dispose of 
a number of subjects which otherwise might seem to 
require a detailed notice. Though this distinction 
haa been recc^uized by others, it has hardly boea 
rigorously adhered to, in consequence of the indistinot 
notion of science which has commouly prevailed. Thus 
Gibbon, in speaking of the knowledge of the period 
now under our notice, says,* " Much usefid experience 
had been acquired in the practice of arts and manu- 
factures; but the mwnee at chemistry owes its origin 
and improvement to the industry of the Saracens. 
They,' he adds, ' first invented and named the alembic 
for the purposes of distillation, analysed the substanoefl 
of the three kingdoms of nature, tried the distinctioQ 
and affinities of alcalis and acids, and converted the 
poisonous minerals into soft and salutary medidnes.' 
The formation and realization of the notions of analytii 
and of affinity, were important steps in chemical 
science, which, as I shall hereafter endeavour to show, 
it remained for the chemists of Europe to make at a 
much later period. If the Arabians had done thi^ 
they might with justice have been called the authors 
of the science of chemistry; but no doctrines can ba 
adduced from their works which give them any title 
to this eminent distinction. Their claims are dis- 
sipated at once by the application of the mnvim abova 
stated. Whai analysis of theirs tended to establish 
any received priuciple of chemistryl What true 
doctrine concerning the differences and affinities of 
acids and alkalis did they teach I We need not 
wonder if Gibbon, whose views of the boundaries of 
scientific chemistry were probably very wide and 
indistinct, could include the arts of the Arabians 
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within its domtun; but they cannot pnss the frontier 
of ttcieace if philoaophicaljy defined, and steadily 
guarded. 

The judgment which we are thiia fed to form 
respecting the chemical knowledge of the middle ages, 
and of the Arabians in particular, may serve to 
measure the condition of scienoe in other dejiartmentg ; 
toe chemistry has justly been considered ^e of their 
■trongeet points. In botany, anatomy, zoology, optics, 
acoustics, we have still the same observation to make, 
that the steps in science which, in the order of 
progress, next followed what the Greeks had done, 
were left for the Europeans of the sixteenth and 
fleveuteenth centuries. The merits and advances of 
the Arabian philoaophera iu aatrouomy and pure 
Duttbematics, we have already described. 

3. Ejiperimentid PhUoaopky nf tlie ArobiaTis. — The 
estimate to which we have thus been led, of the 
scientific merits of the learned men of the middle ages, 
is much less exalted than that which has been formed 
by many writera ; and, among the rest, by some of onr 
own time. But I am persuaded that any attemjrt to 
answer the questions just asked, will expose the 
untenable nature of the higher claims which have 
been advanced in favour of the Arabians. We can 
deliver no just decision, except we will consent to use 
the terms of f(oience in a strict and precise sense •? and 

* If ImlghtUke tho Ubfrty of principle of thpircODilraction.sre 

criticizing u authnr who bu given explained in the UrcBl Work of 

> very interestliig view of the (Roger) Bncon. with ■ truth anil 

period in question {Ualwtiiutanitfti cleumeu which have commiiDded 

f/ncKflod, by the Rov. Charlci nnivcnal admiration.' Such phniHa 

Fontor, iBm). 1 would remark, would be mnrh loo Wrong, even if 

that in his work this cnution ii used respecting the optical doc- 

ptn1i»p» loo lillle otBerved. Thus, trinea of Kepler, wWch were yet 

he 8»ya, In speaking of Alliaien incomparably morulrne and olBar 

(vol. Ii. p. 170), ■ the theory of tJie thim those of Baoon. . To employ 

teleacope may be fonnd in the jsui^h language, in H^eb caaen. \i to 

work of this aatronomer :' and of deprive such terms *> theory 

another, ' the osea of ma^lfylng principie of all mrtning. 

VUL. I. a 
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if we do tliia, we shali find little, either in tlie parti- 
cular discoveries or general processes of the Arabians, 
which ia important in the history of the Inductive 
Sciences. 

The credit due to the Arabians for improvementa in 
the general methods of philoaophiring, is a more diffi- 
cult question ; and cannot be discussed at length bj 
us, till we examine the hiKtoiy of such niethodB in tho 
abstract, which, in the present work, it is not our 
intention to do. But we may observe, that we caonot 
agree with those who rank their merits high in thin 
respect. We have already seen, that their minds were 
completely devoured by the worat habits of the sta- 
tionary period, — Myaticiam and Commentation. They 
foUowed their Greek leaders, for the most part, with 
abject aervility, and with only that kind of acuteneas 
and independent speculation which the Commentator's 
vocation implies. And in their choice of the standard 
subjects of their studies, they fixed upon those works, tlie 
Physical Books of Aristotle, which have never promoted 
the progress of aoience, except in so fiir as they incited 
men to refute them; an effect which they never pro- 
duced on the Arabians. That the Arabian astronomen 
made some advances beyond the Greeks, we have 
already stated: the two great instancea ai'e, the dis- 
covery of the Motion of the Sun's Apogee by Albsr 
tegnius, and the discovery (receutty brought to light) 
of the existence of the Moon's Second Inequality, by 
Afaoul Wefa. But we cannot but observe in how 
different a manner they treated these discoveries, from 
that with which Hipparolms or Ptolemy would have 
done. The Variation of the Moon, in particular, instead 
of being incorporated into the system by means of an 
Epicycle, aa Ptolemy had done with tho Evection, 
was allowed, almost immediately, so far as we can 
judge, to fall into neglect and oblivion: so little were 
the learned Arabians prepared to take their lessou 
from observation as well as from books. That in many 
subjects tJiey made esperimenta, may easily be allowed: 
there never was a period of the earth's history, and 
lesst of all a pevioi oi caTainitiiQ wA VQstD.iiSjj!*]\ 
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luxury and art, medioine and engineermg, in which, ttere 
I were not going on innumerable processes, which may 
' be termed Experiments ; and, in addition to theae, the 
Arabians adopted the pursuit of alchemy, and the love 
of exotic plants and animals. But so far from their 
being, as has been maintained,^ a people whose ' esperi- 
mental intelleot' fitted them (o form sciences which 
the 'abstract intellect' of the Greeks failed in pro- 
ducing, it rather appears, tliat several of the sciences 
which, the Greeks had founded, were never even 
comprehended by the Arabians. I do not know any 
evidence that these pupils ever attained to understand 
the real principles of Mechanics, Hydrostatics, and 
' Harmonics, which their masters had established. At 
I Buy rate, when these sciences again became progressive, 
Enrope had to start where Europe had stopped. There 
I is no Arabian name which any one has thought of 
interposing between Archimedes the ancient, and 
Btevinus and Galileo the modems. 

4. Eager Bacon. — There is one writer of the middle 

ages, on whom much stress hna been laid, and who was 

certainly a most remarkable person. Boger Bacon's 

I worka are not only so far beyond his age in the kuow- 

I ledge which they contain, but so different from the 

I temper of the times, in his assertion of the supremacy 

of experiment, and in his contemplation of the future 

progress of knowledge, that it is difficult to conceive 

how such a character could then exist. That he 

! received much of his knowledge from Arabic writers, 

there can be no doubt; for they were in his time the 

repositories of all traditionary knowledge But that 

I he derived from them his disposition to shake oS* the 

I authority of Aristotle, to maintain the importance of 

I experiment, and to look upon knowledge as in its 

j infency, I cannot believe, because I have not myself 

hit upon, nor seen quoted by others, any passages in 

[ which Arabian writers express such a disposition. On 

■ the other hand, we do find in European writers, in the 

1 authors of Greece and Borne, the soiid sense, the bold 
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and hopefal spirit, which suggest snch iendenciei 
We liave already seen that Aristotle asserta, 
tinctly as words uau express, that all knowledge must 
depend on observation, and thskt science must 1>« 
collected from facts by induction. We have seen, too, 
that the Roman writers, and Seneca in particular, 
speak with an enthusiastic confidence of the progress 
which science must make in the couitie of ages. When 
Hoger Bacon holds similar language in the thirteenth 
century, the resemblance is probably rather a sympsthy 
of chai-acter, thaji a matter of direct derivation ; but I 
know of nothing which proves even so much as this 
sympathy in the case of Arabian philosophers. 

A good deal has been said of late of the coincidences 
between his views, and those of his great namesake in 
later times, Prancia Bacon.* The resemblances consist 
mainly in such points as I have just noticed; and we 
cannot but acknowledge, that many of the expreaaiona 
of the Franciscan Friar remind us of the large thought* 
and lofty phrases of the Philosophical Chancellor. How 
far the one can he considered as having anticipated the 
method of the other, we shall examine more advan- 
tageously, when we come to consider what the character 
and effect of Francis Bacon's works really are.^ 

5. Archileriure oftlie Middle Ages.— Tint though we 
are thus compelled to disallow several of the claiins 
which Jiave been put forwards in support of the scientific 
chai-acter of the middle ages, there are two points in 
which we may, I conceive, really trace the progress of 
scientific ideas among them ; and which, therefoi-e, may 
be considered aa the prelude to the period of discovery. 
I mean their practical architecture, and their aroiu- 
tectaral treatises. 
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In a previous chapter of this book, we have endaa- 
vonred to explain how the indistinctness of ideas, which 
attended the decline of the Roman empire, appears in 
the forma of their architecture ; — in the disregard, 
which the decoi'ative construction exhibits, of the 
necessary mechanical conditions of support. The origi- 
nal scheme of Greek ornamental architecture had been 
horizontal masses resting on vertical columns : when the 
arch waa introduced by the Eomana, it was concealed, or 
kept in a state of Huboi-diuation : and the lateral support 
which it required was supplied latently, masked by some 
artifice. But the struggle between the mechanical and 
the decorative eoiatruction^ ended in the complete dis- 
oi^nization of the classical styla The inconsistencies 
and extravagances, of which we have noticed the 
occurrancB, were results and indications of the fall of 
good architecture. The elements of the ancient system 
had lost all principle of connexion and regard to rule. 
Building became not only a mere art, but an art exer- 
cised by masters without skill, and without feeling for 
real beauty. 

When, after this deep decline, architecture rose again, 
as it did in the twelfth and succeeding centuries, in the 
exquisitely beautiful and skilful forms of the Gothic 



. BogthtDB hsd translated 
LUhanicBl works of Arehl- 

Jffiddle jfijM.diBp. iL m«IeB Into Latin, at we leBrn 

Since the pnbllontion of my flrat IVom the enumeration of his works 
ediUon. Mr. WUlis has shown lliBt bj- his friend Cas3lo(!onis (for/or. 
mueli of the ' mamin-araft' of the lib i. cap. 4.5), '^<!cAanicnn>cllBm 
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fltyle, what -was the nature of the change which lad 
taken place, bo far aa it bears upon the progress u( 
science 1 It waa this: — the idea of true mechaniiaJ 
relations in an edifice had been revived in men's mimls, 
asfaraswas requisite for the purposes of ai't and beauty: 
and thifi, though a very diiferent thing from the pos- 
session of the idea as an element of specniative acieoce, 
was the proper pre|iaration for that acquisition. Tbe 
notion of support and stability again became couspicuoiu 
in the decorative construction, and universal in the 
forms of building. The eye which, lookijig for beauty 
in definite and significant relations of parts, is never 
satisfied except the weights appear to be duly supported,' 
was again gratified. Architectnre threw off its har- 
baroiis characters; a new decorative construction waa 
matured, not thwarting and controlling, but assiBting 
and hannoniidiig with the mechanical constructiau. 
All the ornamental parts were made to enter into the 
apparent construction. Every member, almost eveiy 
moulding, became a snstainer of weight; and by the 
multiplicity of props aasiating eacli other, and the con- 
sequent subdivision of weight, the eye was aatiafied of 
the stability of the structure, notwitiistanding the 
curiously-slender forms of the separate parts. The aroh 
and the vault, no longer trammelled by an incompatible 
system of decoration, but favoured by more tractable 
Ibrma, were only limited hy the skill of the bnUders. 
Everything showed that, practically at least, men 
posai^sed and applied, with steadiness and pleasure, the 
idea of mechanical pressure and support. 

The possession of this idea, as a principle of art, led, 
in the course of time, to its speculative developement 
as the foundatiou of a science; and thus Architecture 
prepared the way for Mechanics. But this advance 
required several centuries. The interval between the 
admirable cathedrals of Salisbury. Amiens, Cologne, 
and the mechanical treatises of Stevinus, is not less 
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than tiree hundred years. During this time, men 
were advancing towards science; but in the meantime, 
and perhapB from the very beginning of the time, art 
liad begun to decline. The bdldings of the fifteenth 
century, erected when the principles of raecbanical 
support were just on the verge of being enunciated in 
general terms, eshibit those principles with a far less 
impreasive simplicity and elegance than those of the 
thirteenth. We may hereafter inquire whether we 
£ud any other examples to countenance the belief, 
that the formation of Science is coninioniy accompanied 
by the decline of Art 

The leading principle of the style of the Gothic 
edifices was, not merely that the weights were aiiji- 
ported, but that tbey were seen to be so ; and that 
not only the mechanical relations of the larger masses, 
but of the smaller members also, were displayed. 
Hence we cannot admit as an origin or anticipation of 
the Gothic, a style in which this principle is not mani- 
fested. I do not see, in any of the representations of the 
early Arabic buildings, that distribution of weights to 
supports, and that mechanical consistency of parts, which 
would elevate them above the character of barbarous 
architeoture. Their masses are broken 
able members, without subordination or 
manner sn^ested apparently by caprice and the love 
of the marvellous. ' In the construction of their 
mosques, it was a fevourite artifice of the Arabs to 
sustain immense and ponderous masses of stone by the 
support of pillars ao slender, that the incumbent 
weight seemed, as it were, suspended in the air by an 
inviaible hand.'^ This pleasure in the contemplation 
of apparent impossibilities is a very general disposition 
among mankind ; but it appears to belong to the 
infancy, rather than the maturity of intellect On 
the other hand, the pleasure in the contemplation of 
what is clear, the craving for a thorough i' 
the reasons of thingn, which marks the European mind, 
is the temper which leads to science, 

n Cmwilcii, U, iSS. 
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6. Treatises on Architecture. — No one who bis 
attended to the ai-chiteclnre which prevailed in Eng- 
land, France, and Germany, from the twelHh to the 
fifteenth century, so far as to comprelieod its beaulnr, 
harmony, consistency, and uniformity, even in the 
minutest partH and most obscure relations, can. look 
upon it otherwise than as a i-emarkably connected and 
definite artificial system. Nor can we doubt that it 
was exercised by a class of artista who formed them- 
selves by laboiioua study and practice, and by com- 
miinication with each other. There must have \kw 
bodies of masters and of scholars, discipline, traditions, 
precepts of art. How these asiwoiatcd artists diffused 
tLemaelves over Europe, and whether history enables 
us to trace them in a distinct form, I shall not here 
discuss. But the existenoe of a oourse of instruction, 
and of a body of rules of practice, is proved beyond 
dispute by the great aeries of European cathedrals and 
churches, so nearly identical in their general arrange- 
ments, and in their particular details. The queatioa 
then occurs, have these rules and this system of in- 
struction anywhere been committed to writing t Can 
we, by such evidence, trace the progress of the sciaitifio 
idea, of which we see the working in these huildinga J 
We are not to be surprised, if, during the most 
flourishing and vigorous period of the art of the middle 
ages, we find none of its precepts in books. Art has, 
ia all ages and countries, been taught and transmitted 
by practice and verbal tradition, not by writing. It 
is only in our own times, that the thought occurs as 
familiar, of committing to books all that we wish to 
preserve and convey. And, even in our own tiine% 
most of the Arts are leaj-ued far more by practice, and 
Ly intercourse with practitioners, than by reading. 
Such is the case, not only with Mauufactnrea and 
Handicrafts, but with the Fine Arts, with Engineer- 
ing, aad even yet, with that art. Building, of wliich wo 
speaking. 

re not, therefore, to wonder, if we have no 
on Architecture belonging to the great period 
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lif the Gothic masters ; — or if it appears to have 
ITequired some other incitempnt and some other help, 
l^esidea tiieir own possessiou of their practical skiU, to 
(lead them to ahape into a literary form the precepta of 
Hie art which they knew bo well how to exercise : — 
I ttr if, when they did write on such suhjecta, they seem, 
! instead of delivering their own sound practical prin- 
I copies, to satisfy themselves with pursuing eome of the 
ifiivolouB notions and speculations which were thea 
earrent in the world of lettera. 

I Such appears to he the case. The earliest treatises 
■m Architecture come before ua under the form which 
the comnieiitatoriaf spirit of the middle agea inspii-ed. 
They are Translations of Vitnivius, with Annotations. 
In. some of these, particularly that of Cesaro Oesariano, 
|rablished at Como, in 1511, we see, in a very curious 
BiBianer, how the habit of assuming that, in every 
department of iitemture, the ancients must needs be 
their masters, led these writers to subordinate the 
members of their own architecture to the precepts of 
the Romanauthor. We have Gothic shafts, mouldings, 
and arrangements, given at* parallelisms to others, which 
profess to represent the Roman style, but which are, 
in tket, examples of that mixed manner which is called 
the style of the Cinque cento by the Italians, of the 
I Renaissance by the French, and which is commonly 
I included in our Eliznbethan But in the early archi- 
I tectui'kl works, besides the suiierstitions and mistaken 
I erudition which thus choked the growth of real archi- 
I teotural doctrines, another of the peculiar elements of 
the middle agea comes into view ; — its mysticism. 
The dimensions and positions of the various parts ot 
I edifices and of their members, are determined by 
I drawing triangles, squai'ea, circles, and other fignren, 
I in such a manner as to bound them : and to these 
geometrical figures were assigned many ahstruse signi- 
fications. Tlie plan and the front of the Cathedral at 
Milan are thus represented in Ce«arino'a work, bounded 
I and subdivided by various equitati^ral triangles; and 
it is easy to see, in the eameetnesa with which he 

i- 
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points out these relations, the evidence of a fanciful 
and mystical turn of thought' 

We thus ^cd erudition and myaticism take the place 
of much of that developement of the architectural 
principles of the middle ages which would be bo 
interesting to us. Still, however, these works are by 
no means without their value. Indeed many of the 
arts appear to flourish not at all the worse, for being 
treated in a manner somewhat raystioal; and it may 
easily be, that the relations of geometrical figures, for 
which fantastical reasons are given, may really involve 
principles of beauty or stability. But independently 
of this, we find, in the best works of the architects ot 
all ages (including engineers), evidence that the true 
idea of mechauioal pressure exists among them more 
distinctly than among men in general, although it may 
not be developed in a scieutiiic form. Tliin ia true up 
to our own time, and the arts which such persons 
cultivate could not be successfully exercised if it were 
not so. Hence the writings of architects and engineeia 
during the middle ages do really form a prelude to the 
works on scientific mechanics. Vitruvius, in his 
Arckited/unre, and Julius Frontinus, who, under Ves- 
pasian, wrote On Aquedaidg, of which he was super- 
intendent, have transmitted to ub the principal part of 
what wo know respecting the practical mechanics and 
hydraulics of the Romans. In modem times the 
series is resumed. The early writers on architecture 
are also writers on engineering, and often on hydro- 
statics ; for example, Leonardo da Vinci wrote on the 
equilibrium of water. And thus we are led up to 
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Steviniis of Bruges, who was engineer to Prince Maurice 
of Nassau, and inq)ector of the dykes in Holland ; and 
in whose work, on the processes of his art, is contained 
the first clear modem statement of the scientific prin- 
ciples of hydrostatics. 

Having thus explained both the obstacles and the 
IKTOspects which the middle ages offered to the progress 
of science, I now proceed to the history of the progress, 
when that progress was once again resumed. 
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. . . Oyclopnm educta caminis 

Moenia conspido, atque adverso fomice portas. 

• • • • • 

His demum exactis, perfecto munerd Divas, 
Devenere locos Isetos et amoena vireta 
Fortunatorum nemorum sedesque beatas. 
Largior hie campos aether et lumine yestit 
Porporeo : solemque suum, ana sidera nomnt. 

YisaiL, ^n, vi. 630. 



They leave at length the nether gloom, and stand 

Before the portals of a better land : 

To happier plains they come, and fairer groves. 

The seats of those whom heaven, benignant, loves ; 

A brighter day, a bluer ether, spreads 

Its lucid depths 'above their favoured heads ; 

And, purged from mists that veil our earthly skies. 

Shine suns and stars unseen by mortal eyes. 



INTRODUCTION. 

Of Formal and Fhytical Aatrorwmy. 

WE have thus rapidly traced the causes of the 
almost complete blank which the hiatory of 
physical science oifere, from the decline of the Roman 
empire, for a thousand years. Along with the breaking 
Tip of the ancient forms of society, were broken up the 
aacient energy of thinking, the clearness of idea, and 
steadiness of intellectual action. This mental declen- 
sion produced a servile admiration for the genius of the 
better periods, and thus, the spirit of Commentation : 
Christianity established the claim of truth to govern 
the world; and this principle, misinterpreted and com- 
bined with the ignorance and servility of the times, 
gave rise to the Dogmatic System: and the love of 
specnlation, finding no secure and permitted path on 
Bolid ground, went off into the regiona of Mysticism. 

The causes which produced the inertness and blind- 
ness of the stationary period of human knowledge, 
began at last to yield to the influence of the principles 
which tended to progression. The indistinctness of 
thought, which was the original feature in the decline 
of HOund knowledge, was in a measure remedied by 
the steady cultivation of Pure Mathematics and Astro- 
nomy, and by the progress of inventions in the Arts, 
which call out and fix the distinctness of our concep- 
tions of the relations of natural phenomena. As men's 
minds became clear, they became less servile : the per- 
ception of the nature of truth drew men away fi-om 
controversies about mere opinion; when they saw dis- 
tinctly the relations of things, they ceased to give their 
whole attention to what had been eaid conoeming 
them ; and thus, as science rose into view, the spirit of 
commentation lost its sway. And when men came to 
feel what it was to think for themselves on Hubjects of 
science, they soon rebelled against the right of others 
to impoae opinions upoa them. Wbeu. ttej tVTeti uS. 
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their blind admiration for the ancients, they t 
posed to cast away aJso their passive obedience to the 
ancient aystem of doctrines. When they were no louger 
iuBpired by the spirit of commentation, they were no 
longer submiBsiva to the dogmatism of the scbook 
When they began to feel that they could discover 
truths, they felt also a persuasion of a right and a 
growing will 80 to do. 

Thus the revived clearness of ideas, which made its 
appearance at the revival of letters, brought on » 
Btmggle with the authority, intellectual and civil, of 
the established schools of philosophy. This clearness 
of idea showed itself, in the first instance, in Astronomy, 
and was embodied in the system of Copeniiciis ; but 
the contest did not come to a crisis tdi a century later, 
in the time of Galileo and other disciples of the new 
doctrine. It ia our present business to trace the prin- 
ciples of this series of events in the history of phi- 
losophy. 

I do not profess to write a history of Astronomy, 
any further than ia necessary in order to exhibit the 
principles on which the progression of science proceeds; 
and, therefore, I neglect subordinate persons and 
occurrences, in order to bring into view the leading , 
features of great changes. Now in the introduction 
of the Copemican system into general acceptation, two 
leading views operated upon men's minds ; the con- 
sideration of the system as exhibiting the apparent 
motions of the universe, and the consideration of this 
system with reference to its causes ; — the formal and ■ 
the physical aspect of the Theoiy ; — the relations of 
Space and Time, and the relations of Foi'ce and Matter. 
These two divisions of the subject were at first not i 
clearly separated; the second was long mixed, in a 
manner very dim and obscure, with the first, without 
appearing as a distinct subjeot of attention; but at 
last it was extricated and treated in a manner suitable 
to its natura The views of Copemicua rested mainly 
on the formal condition of the universe, the relations 
of space and time; but Kepler, Galileo, and others, 
were led, by conlto\eravea aai olii^T -KiMHRji.to i^ve a, 
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^gtadiiflUy-increasing attention to the physical relations 
of the hearenly bodies; an impulse was given to the 
■tudf of Mechanics (the DoctriDe of Motion), which 
W^me very soon an important and extensive science; 
Snd in no long period, the diacoveriea of Kepler, mg- 
^eeted by a vague but intense belief in the physical 
«oiuieEion of the parts of the universe, led to the deci- 
i^ve and anblime generalizations of Newton, 

The distinction o^ formal and jihynical Astronomy 
thna becomes necessftry, in order to treat clearly of the 
'^Bcussions vhich the propounding of the Copemican 
i^eopy occasioned. But it may be observed that, 
faeeidea this great change, Astronomy made very great 
ftdvances iu the same path which we have already been 
tracing, namely, the determination of the quantities 
and laws of the celestial motions, in so far as they were 
exhibited by the ancient theories, or might be repre- 
sented by obvious modifications of those theories. I 
speak of new Inequalities, new Phenomena, such as 
Copernicus, Galileo, and Tycho Brahe discovered. Aa, 
however, these were very soon referred to the Coper- 
nioan rather than the Ptolemaic hypothesis, they may 
be considered aa developeraents rather of the new than 
of the old Theory ; and I shall, therefore, treat of them, 
agreeably to the plan of the former part, as the sequel 
of the Copemican Induction. 




\ 



CHAPTER L 

PaELTJBE TO THE lUDDCTIVE EpOCH OF CoPEKSICCS. 

THE Doctrine of Copemicua, that the Sun is the 
true center of the celestial motions, depends pri- 
marily upon the consideration that such a siippositioD 
explains very simply and completely ail the obvious 
appearances of the he&vens. In order to see tbttt it 
does this, nothing more ia requisite than a distinct 
coiiception of the nature of Relative Motion, and a 
knowledge of the principal Astronomical Phenomena. 
There was, therefore, no reason why such a doctrine 
might not be dUcmmred, that is, suggested as a theory 
plausible at first sight, long before the time of Coper- 
nicus; or rather, it was impossible that this guo^ 
among othei-s, should not be propounded as a solution 
of the appearances of the heavens. We are not, there- 
fore, to be surprized if we find, in the earliest Mmes of 
Astronomy, and at varioiks succeeding periods, such a 
system spoken of by astronomers, and maintained by 
some as true, though rejected by the majority, and by 
tjie principal writers. 

When we look back at such a difference of opinion, 
having in our minds, as we unavoidably have, the clear 
and iri'esiatible considerations by which the Copemican 
Doctrine is established for lie, it is difficult for ub not 
to attribute superior sf^city and candour to thosa 
who held that side of the question, and to iinagina 
those who clung to the Ptolemaic Hypothesis to have 
been blind and prejudiced; — incapable of seeing the 
beauty of simplicity and symmetry, or indisposed to 
resign established errours, and to accept novel and 
compi'ohensive truths. Yet in judging thus, we are 
probably ourselves influenced by prejudices arising 
from the knowledge and received opinionB of our own 
times. For is it, in reality, clear that, before the time 
of Copemlcas, t\ie HelioceTdTtc TViwi-r^ (jliat which 
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places the center of the cdeetial tnotioaa in the S*ili)t 
bad a claim to a«sait 90 decidedly mperior to this 
Geocentric Theorf. which places Uie Eartb in tbe 
center ? What is tbe basia of tlte liiJiooentric theory I 
— That the rAitive motioiu are At aoate, on that and 
on the other Eaf^MntioiL So &r, thesidbre, the twD 
hypotheses are exactly on the mme footing. Btit, it is 
urged, on the helioceniric side we have tiie adrastagie 
of simplicity: — true; bnt we have, on the other side, 
the testiraosy of onr senses; that is, the geoceDlric 
doctrine (which asserts that the Earth rests and the 
heavenly bodies move), is the obvious and spontaiieona 
interpretation of the appearances. Both these argu- 
meute, gimplicity on the one side, and obvwiigiieg* on 
the other, are vagne, and we may venture to say, 
both indecbive. We cannot establish any strong pre- 
ponderance of probability in favour of the former doc- 
trine, without going much further into the arguments 
of the question. 

Nor, when we speak of the superior simplimti/ of the 
Copemicau theory, must we forget, that though this 
theory has nndoubtedly, in this respect, a great advan- 
tage over the Ptolemaic, yet that the Copemican 
system itself is very complex, when it undertakes to 
account, as the Ptolemiuo did, for the Inequalities of 
the Motions of the sun, moon, and planeta ; and that, 
in the hands of Copernicus, it retained a large share of 
the eccentrics and epicycles of its predecessor, and, in 
some parts, with increased machinery. The heliocentric 
theory, without these appendages, would not approach 
the Ptolemaic, in the accurate explanation of facts; 
and as those who had placed the sun in the center had 
never, till the time of Coperaicus, shown how the 
inequalities were to be explained on that supposition, 
we may assert that after the promulgation of tho 
theory of eccentrics and epicycles on the geocentric 
hypothesis, there was no published heliocentric theoiy 
wluch could bear a comparison with that hypothesis. 

true, that all the contrivances of epicycles, and 
the like, by which the geocentric hypothesis was made 
to represent the pJicuoraena, were BVisceY^Mft (li «». 
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easy adaptation to a lieliooentric method, toli&i a good 
mat/iemaliinan }iad otiee proposed to himself the problem; 
and this was preciselj what Coperaicua undBrtook and 
executed. But, till the appearance of his work, the 
heliocentric system had never come before the world 
except as a hasty and imperfect hypothesis; wLicIi 
bore a favourable comparison with the phenomena, ao 
long as their general features only were known ; but 
which had been completely thrown into the shade by 
the labour and intelligence beatowed ujion the Hip- 
parcbian or Ptolemaic theories by a long aeries of 
great astronomers of all civilized countries. 

But, though the aatrouomera who, before Copemicua, 
held the heliocentric opinion, cannot, on any good 
grounds, be considered as much more enlightened than 
their opponents, it ia curious to trace the early and 
repeated manifestations of this view of the universe. 
The distinct assertion of the heliocentric theory among 
the Greeks is an evidence of the clearness of their 
thoughts, and the vigour of their minds; and it is a 
proof of the feebleness and sei-vility of intellect in the 
stationary period, that, till the period of Copemicii% 
no one was found to try the fortune of this hypo- 
thesis, modified according to the improved astronomical 
knowledge of the time. 

The moat ancient of the Greek philosophers to 
whom the ancients ascribe the heiiocentrio doctrine, is 
PjthHgoraa ; but Diogenes Laertius makes Pliilolaua, 
one of the followers of Pythagoiua, the first author of' 
this doctrine. We !eam from Archimedes, that it was 
held by his contemporary, Aristarchus, ' Aristarchus' 
of SajnM,' says he,^ 'makes this supposition, — that the 
fixed stars and the sun remain at rest, and that th» 
earth revolves round the sun in a circle.' Plutar«h* 
asserts that this, which was only a hypothesis in the 
hands of Aristarchus, was proved by Seleucus; but we 
may venture to say that, at that time, no such proof 
was possible. Aristotle had recognized the existence 

I Archim, ArtiiariKt. ' Qurel. Plat. Dtlnmb. A, A. ri. 
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of this doctrine by arguing against it. ' All things,' 
Bays he,' 'tend to the center gf the earth, and rest 
til ere, and therefore the whole mass of tlie earth 
cannot rest except there,' Ptolomy had in like manner 
argued against the diunial motion of the earth : such 
a revolution would, he urged, disperse into surrounding 
space all the loose parts of the earth. Yet he allowed 
that Btioli a supposition would facilitate the explanation 
of some phenomena. Cicero appears to make Mereury 
and Venus revolve about the sun, as does Martianua 
Capella at a later period; and Seneca says,* it is a 
worthy subject of contemplation, whetiier the earth be 
St rest or in motion : but at this period, as we may 
see fi^m Seneca himself, that habit of intellect which 
was requisite for the sohition of such a question, had 
been succeeded by indistinct views, and rhetorical 
forms of speech. If there were any good mathe- 
maticians and good observers at this period, they were 
employed in cultivating and verifying the Hipparchian 
theory, 

Kext to the Greeks, the Indiana appear to have 
I>OBsessed that original vigour and clearness of thought, 
feotn which true science springs. It is remarkable 
that the Indiana, also, had their heliocentric theorists. 
Aryabatta^ {a.d. 1322), and other aatrouoniers of that 
country, are said to have advocated the doctrine of the 
earth's revolution on ita asis; which opinion, how- 
ever, waa rejected by subsequent philosophers among 
the Hindoos. 

Some writers have thonglit that the heliocentric 
doctrine was derived by Pythagoras and other European 
philosophei's, irom some of the oriental nations. This 
opinion, however, will appear to have little weight, if 
■we consider that the heliocentric hypothesis, in the 
only shape in which the ancients knew it, was too 
obvious to require much teaching; that it did not and 
could not, BO fiir as we know, receive any additional 
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strength fi'om anything which the oriental nations 
could teaoh; and that each astronomer waa induced to 
adopt or reject it, not hy any information which a 
master could give him, but by his love of geometiieal 
simplicity on the one hand, or the prejudices of sense 
on the other. Eeal aoienae, depending on & clear view 
of the relation of phenomena to general theoretical 
ideas, cannot be commnuicated in the way of secret 
and exclusive traditions, like the mysteries of certain, 
arts and ciufts. If the philosopher do not see that the 1 
theory is true, he ia little the better for having heard 
or read the words which assert its tnitli. 

It is impossible, therefore, for us to assent to those 
TiewH which would discover in the helioeenti'ic doctrines 
of the ancients, traces of a more profound astronomy 
than any which they have ti'ausmitted to ua. Those 
doctrines were merely the plausible conjectures of men 
with sound geometrical notions; hut tbey were never 1 
extended so as to embrace the details of the existing 
astrODomical knowledge; and perhaps we may say, 
that the analysis of the phenomena into the arrange- 
ments of the Ptolemaic system, waa so much mora 
obvious than any other, that it must necessarily 
come first, in order to form an introduction to the 
Copemican. 

The true foundation of the heliocentric theory for J 
the ancients, wrs, aa we have intimated, its perfect I 
geometrical consistency with the general features of 1 
the phenomena, and its eiroplicity. But it was 
likely that the human mind would be content to c 
aider the subject under this strict and limited aspect 
alona In its eagerness for wide speculative views, it 
naturally looked out ibr other and vi^uer principles 
of connexion and relation. Thus, aa it had been 
urged in favour of the geocentric doctrine, that the I 
heaviest body must be in the center, it was main- 
tained, as a leading recommendation of the opposite 
opinion, that tt placed the Fire, the noblest element, 
in the Center of the Universe. The authority of 
mythological ideas was called in on both sides 
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Bwpport these viewB. Numa, as Plutarch* infornis as, 
tuilt a circular temple over the ever-burning Fire of 
iTeata; typifying, not the earth, but tlie Universe, 
I "which, according to the Pythagoreans, has the Fire 
; seated at its Center. TJie same writer, in another of 
Ibis works, makes one of his interlocutors say, ' Only, 
i,iny friend, do not bring me before a court of law on 
'a charge of impiety; as Cleanthea said, that Ari- 
' atarchus the Somiati ought to be tried for impiety, 
' fcecanse he removed the Heaiilt of the Universe.' 
' This, however, seems to have been intended aa a 
pleaaantry. 

The prevalent physical views, and the opinions con- 
cerning the causes of the motions of the parts of the 
universe, were scarcely more definite than the ancient 
. opinions concerning the relations of the four elements, 
till Qfilileo had founded the true Doctrine of Motion. 
Though, therefore, arguments on this part of the subject 
were the most important part of the controversy after 
' Copernicus, the force of such arguments was at his 
' time almost balanced. Even if more had been known 
f.QB. such subjects, the arguments would not have been 
ieonctusive: for instance, the vast mass of the heavens, 
irwhich is Qommonly ui^d as a reason why the heavens 
liA9 not move round the earth, would not make such 
w motion impossible; and, on the other hand, the 
Botions of bodies at the earth's surface, which were 
Billed as inconsistent with its motion, did not 
peally disprove such an opinion. But according to 
^B state of the science of motion before Copemicas, 
kU reasonings irom such principles were utterly vagne 
lind obscure. 

. We must not omit to mention a modem who pre- 
ceded Copernicus, in the assertion at least of the heho- 
Btric doctrine. This was Nicholas of Cusa, (a village 
X Trevea,) a cardinal and bishop, who, in the first 
f of the filteenth century, was very eminent as a 
idivine and mathematician ; and who in a,'W0Tk,De Ihcid 

I ^ De Facie In Orbe Luna, 4. 
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IgnorarUidy propounded the doctriDe of the motion of 
the earth; more, however, as a paradox than as a 
reality. We cannot consider this as any distinct anti- 
cipation of a profound and consistent view of the 
tmth. 

We shall now examine further the promulgation 
of the Heliocentric System by Copernicus, and its con- 
sequences. 




CHAPTER 11, 




Induction of Coperniccs. — The Heliocentric 
Theory asserted on fokmal grounds. 

IT will be recollected tint the fumud are opposed to 
the fHiysical grounds of a theory ; the former term 
indicaliDg that it gives s satiaffictory accoant of the 
relatioDS of the phenomena in Space and Time, that ia, 
of the Motions themselves ; while the latter espreaaioii 
implies further that we include in our explanation the 
Causes of the motions, the laws of Force and Matter. 
The stroDgest of the considerations hy which Copernicus 

fwaa led to invent and adopt his system of the universe 
were of the former kind. He was dissatisfied, he says, 
in his Preface addressed to the Pope, with the want of 
ajmmetry iu the Eccentric Theory, as it prevailed in 
his days ; and weary of the ancerteinty of the mathe- 
matical traditions. He then sought through all the 
works of philosophers, whether any had held opinions 
concerning the motions of the world, different from 
those received in the established mathematical achools. 
He found, in ancient authors, accounts of Philolaua 
[ and others, who had asserted the motion of the earth. 
I ' Then,' he adds, ' I, too, began to meditate concerning 
I the motion of the earth : and though it appeared an 
r absurd opinion, yet since I knew that, in previous 
times, others had been allowed the privilege of feigning 
what circles they chose, in order to explain the pheno- 
mena, I conceived that I also might take the liberty of 
trying whether, on the supposition of the earth's motion, 
it was possible to find better explanations than the 
ancient ones, of the revolutions of the celestial orbs. 
' Having then assumed the motions of the earth, 
j ■which are hereafter explained, by laborious and long 
I observation I at length found, that if the motions of 
W the other planets be compared with the revolution of 
I" the earth, not only their phenomena I'oWo'M tcowi "Ciift 
I aupposltions, bat also that the several orba, ani "Otta 



282 HISTORY OF FORMAL ASTKOSOMT. 

whole system, are so connected in order and magnitude, 
that no oue part can he traiiHposed without disturbing 
the rest, and introducing confusion into the whoie 



Thus the satisfactory explanation of the apparent 
motions of the planets, and the simplicity and symmetry 
of the system, were the gi'ouiidfl on which Gopemiciui 
adopt«d his theory ; as the craving for these qiialitius 
was the feeling which led him to seek for a new theory. 
It is manifoat that in this, as in other cases of discovery, 
a clear and steady possession of abstract Ideas, and an 
aptitude in comprehending real Facts under these 
general conceptions, must have been leading characters 
in the discoverer's mind. He must hare had a good 
geometrical bead, and gi'eat aatroaomical koowtedge, 
He muat have seen, with peculiar distinctness, tbe 
consequences which flowed from his suppositious as to 
the relations of space and time, — the apparent motions 
which resulted fi-om the assumed real ones; and he 
must aldo have known well all the irregularities of the 
apparent motions for which he had to account We 
find indications of these qualities in his ezpressionii, 
A steady and calm contemplation of the theory is what 
he asks for, as the main requisite to its reception. If 
yon suppose the earth to revolve and the heaven to be 
at rest, you will find, he says, ' si serio anvmadvertoM^ 
if you think steadily, that the apparent diurnal motion 
■wUl follow. And after alleging hia reasons for hia 
system, he says,' ' We are, therefore, not ashamed to 
confess, that the whole of the space witliiji the orbit of 
the moon, along with the center of the earth, movea 
round the sun in a year among tbe other planets; the 
magnitudeof the world being so great, that tlie distance 
of the earth from the sun has no apparent magnitude 
when compared wit^ the sphere of the fixed stars,' 
'All which things, though they be difficult and almost 
inconceivable, and against tbe opinion of the majority, 
yet, in tbe sequel, by God's favour, we will make clearer 

' NtcolBl Coiiernlcl Torlnenils de Reooiatloiifflus Orbium CaUsHim 
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\ha,n the sun, at least to those w!io are not ignorant of 
mathematics.' 

It will easily be understood, that eince the ancient 
geocentric hyjiothesia ascribed to the plaueta those 
motions which were apparent oaly, and which really 
arose from the motion of the earth round the sun in 
the new hypothesis, the latter echeme must tnnch 
raraplify the planetary theory. Kepler' enumerates 
ftlsTen motions of the Ptolemaic system, which are at 
oace exterminated and rendered unnecessary by the 
new system. Still, a» the real motions, both of the 
earth and the planets, are unequable, it was requisite 
to have some mode of representing their iuequalities ; 
and, accordingly, the ancient theory of eccentrics and 
epicycles was retained, so fiir as was requisite for this 
purpose. The planets revolved round the sun by means 
of a Deferent, and a gteat and small Epicycle; or else 
by means of an Eccentric and Epicycle, modified irom 
Ptolemy's, tor reasons which we shall shortly mention. 
This mode of representing the motions of the planets 
continued in use, till it was expelled by the discoveries 
of Kepler. 

Besides the daily rotation of the earth on its axia, 
and its annual circuit about the sun, Copernicus attri- 
buted to the axis a ' motion of declination,' by which, 
during the whole annual revolution, the pole was eon- 
Btamtly directed towards the same part of the heavens. 
This conataucy in the absolute direction of the axis, or 
its moving parallel to itself, may be more cori-eotly 
viewed as not indicating any separate motion. The 
axia oontinuen in the Panie direction, because there is 
nothing to make it change its direction ; just as a straw, 
lying on the surface of a cup of water, continues to 
point nearly in the same direction when the cup is 
carried round a room. And this was noticed by Coper- 
nicus'a adherent, Rothman,^ a few years after the pub- 
lication of the work Be Rfvotvtion-ibua. 'There is no 
he says, in a letter to Tycho Brahe, ' for the 
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trijile motion of the earth : the annaal and diurnal 
inotiouB suffice.' This errour of Copernicus, if it be 
looked upon, as an errour, arose from his referring tlie 
poBition of the &xis to a limited space, which be con- 
ceived to be carried round the sun along with the earth, 
instead of referring it to fixed or absolute space. When, 
in a Planetarium, (a machine in which the motioiu of 
the planets are imitated,) the earth is carried round 
the 3UU by being fastened to a material radius, it ia 
requisite to give a motion to the axis bj additumal 
nia<;hinery, in order to enable it to preserve ita paral- 
lelism. A similar confusion of georaetiical conception, 
produced by a double reference to absolute space and 
to the center of revolution, often leads persons t« 
dispute whether the moon, which revolves about tbs 
earth, always turning to it the same face, revolves 
about her axis or not. 

It is also to be noticed that the precession of the 
equinoxes made it necessary to suppose the aus of the 
earth to be not exactly paraJiel Ui itself, hut to deviate 
from that position by a slight annual diflerence. Co- 
pernicus eiToneously supposes the precession to be 
unequable; and his method of explaining this change 
which is simpler than that of the ancients, becomw 
more simple still, when applied to the true state of the 

The tendencies of our speculative nature, which 
carry us onwards in pursuit of symmetry and rule, and 
which thus produced the theory of Copeniicus, as they 
produce all theories, perpetually show their vigour by 
oversiiooting their mark. They obtain something by 
aiming at much more. They detect the order and 
connexion which exist, by imagining relations of order 
and connexion which have no existence. Real dia- 
coveries are thus mixed with baseless assumptiona 
profound sagacity ia combined with fanciful conjecture 
not rarely, or in peculiar instances, but commonly, and 
in most cases; probably in all, if we could read the 
thoughts of the discoverers as we read the boohs of 
Eepler. To try wrong guesses is apparently the only 
way to hit upon Tig\rt oi\ta. 1\ift do^tBsWCT'iS.'ikia^.iMa 






INDUCTION OF C0PEHNICC8. 285 

philosoplier is, not that he never conjeotm-es hazard- 
ously, but that hiH conjectures are clearly conceived 
and brought into rigid cootiict with &ct3. He sees 
and compares distinctly the ideas and the things, — tlie 
relations of hia notions to each other and to phenomena. 
TJndei: these conditiona it ia not only excusable, but 
Decesaary for him, to snatch at every semblaiice of 
general rule ; — to try all promising forms of aiinplicity 
tmd symmetry. 

Copernicus is not exempt from giviogns, in his work, 
aia example of this character of the inventive spirit. 
The axiom that the celeatial motions must be eircutar 
and uniform, appeared to him to have strong claims to 
acceptation; and hia theory of the iueqiialities of the 
planetary motions is fashioned upon it. Hia great 
desire was to apply it more rigidly than Ptolemy had 
dona The time did not come for rejecting thia axiom, 
till the observations of Tycho Brahe and the calcula- 
tions of Kepler had been made. 

I shall not attempt to explain, in detail, Copernicu^'u 
Bjstem of the planetary inequulitiea. He retained 
epicycles and eccentrics, altering their centers of 
motion; that is, he retained what waa true in the old 
Bjistein, translating it into his own. The peculiarities 
<^ bis method consisted in making such a combination 
of epicycles as to supply the place of the equant,* and 
to make all the motions equable about the centers of 
motion. Thia device waa admii-ed for a time, till 
Kepler's elliptic theory expelled it, with all other forms 
of the theory of epicycles; bnt we must observe that 
Copernicus waa aware of some of the discrepancies 
which belonged to that theory as it had, up to that 
tim^ been propounded. In the case of ifercury's 
orbit, which is more eccentria than that of the other 
planets, he makes suppositions which are complex 
indeed, but which show his perception of the imper- 
fection of the common theory; and he proposes a new 
theory of the moon, for the very reason which did at 
last overturn the doctrine of epicycles, namely, that the 

* SeeB.m Chap. [il. Sect. ■) . 
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ratio of their distancea from the earth at didereut tdmes 
■was inconMiatent with the circular hypothesis.^ 

It ia obvious, that, along with his mathematical 
clearoess of view, and his astronomical knowledge, 
Cojiemicus must have had great intellectual boldoesB 
and vigour, to conceive and fully develope a theory bo 
different as his was, from all received doctiines. Hii 
pupil aud expositor, Rheticus, aaya to Schtaier, ' I beg 
you to have this opinion concerning that learned man, 
my Preceptor; tliat he was an ardent admirer and 
follower of Ptolemy; but when he was compelled by 
phenomena aud demonstration, be thought he did well 
to aim at the aame mark at which Ptolemy had aimed, 
though with a bow and shafts of a very different 
material from hia. We must recollect what Ptolemy 
says, All S iXmBlpov cirat rn yvw/in riiy fUWovra 
(jiiXoao^eiv. ' He who is to follow philosophy must be 
a freeman in mind.' Kheticus then goes on to defend 
h m master from the charge of diiti'espect to the ancients : 
' That temper,' be aays, ' ia alien &om the dispositiau 
of every good man, and most especially from the spirit 
of philosophy, and from no one more utterly than 
from my Preceptor. He was very far from rashly 
rejecting the opinions of ancient philosophers, except 
for weighty reasons and irresistible facts, through any 
love of novelty. Hia years, hia gravity of character, 
his excellent learning, hia magnanimity and nobleness 
of spirit, are very fer from having any liability to such 
a temper, which belongs either to youth, or to ardent 
and light minds, or to those tQv /icya (ppovouyriiiv izri 
Otiupiif [iiKp^, ' who think much of themselves and know 
little,' as iLriatotle says.' Undoubtedly this deference 
for the great men of the paat, joined with the talent 
of aeizing the spirit of their methods when the letter 
of their theories ia no longer tenable, is the true 
mental constitution of discoverers. 

Besides the intellectual energy which was requisite 
in order to construct a system of doctrines so novel aa 
those of Copernicus, some courage was necessary to the 
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puljlication of such opinions; certain, as they 
be met, to a great extent, by rejection and dispute, 
and perhaps by charges of heresy aud mischiepona 
tendency. This last danger, however, must not be 
judged 80 great a& we might infer from the angry 
controversies and acts of authority which occiu'red in 
Galileo's time. The Dogmatism of the stationary 
period, which identified the cause of philosophical and 
religious truth, had not yet distinctly felt itself attacked 
by the advance of physical knowledge; and therefore 
had not begun to look with alarm on such movements. 
Still, the claims of Scripture and of ecclesiastical 
authority were asserted as paramoiint on all subjects; 
and it was obvious that many persons would be dis- 
quieted or offended witli tlie new interpretation of 
many scriptural expressions, which the true theory 
would make necessary. This evil Copernicus appears 
t-o have foreseen ; and this and other causes long with- 
held him from publication. He was himself an 
ecclesiastic; and, by the patronage of his maternal 
lucle, was prebendary of the church of St. John at 
Thorn, and a canon of the church of Fi-auenhurg, in 
the diocese of Ermeland.^ He had been a student at 
Bologna, and had taught mathematics at Rome in the 
year 1500; and he aiterwards pursued his studies and 
observations at his residence near the mouth of the 
Vistula,^ His discovery of his system must have 
occurred before 1507, for in 1543 he informs Pope 
Panlua the Thii'd, in his dedication, that he had kept 
his book by him for four times the nine years recom- 
mended by Horace, and then only published it at the 
earnest enti-eaty of Lis friend Cardinal Schomberg, 
whose letter is prefixed to the work. ' Though I 
know,' he says, ' that the thoughts of a philosojiher do 
not depend on the judgment of the many, his study 
being to seek out truth in all things as far as that is 
permitted by God to human reason ; yet when I con- 
sidered,' he adds, 'how absurd my doctrine would 
apliear, I long hesitated whether I should publish my 

* JibeUciig, .li,/- p 94. 7 Il,lw\(j\\, 
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book, or whether it were not better to follow the 
example of the Pythagoreans and others, who delivered 
their doctrines only by tradition and to friends.' It 
will be observed that he speaks here of the oppositioa 
of the eatablished school of ABtronomers, not of Divines, 
The latter, indeed, he appears to consider as a less 
formidable danger. ' If perchance,' he says at the end 
of his preface, 'there be ^araioXdyoi, Tain babblers, 
who knowing nothing of mathematics, yet assiime the 
right of jndging on account of some place of Scripture 
perversely wrested to their purpose, and who blame 
and attack my undertaking ; I heed them not, and look 
upon their judgments as rash and contemptible.' He 
then goes on to show that the globular figure of the 
earth (which was, of course, at that time, an undisputed 
point among astronomers,) had been opposed on similar 
grounds by Jjactantius, who, though a writer of credit 
in other respects, had spoken very childishly in that 
matter. In another epistle prelixed to the work (by 
Aiidreaa Osiauder), the reader is reminded that the 
hypotheses of astronomers are not necessarily asserted 
to be true, by those who propose them, but only to he 
a way of repretenling facts. We may observe thal^ 
in the time of Copernicus, when the motion of the 
earth had not been connected with the physical laws 
of matter and motion, it could not be considered bo 
distinctly real as it necessarily was held to be in after 

The delay of the publication of Copemicns's work 
brought it to the end of hie life: he died in the year 
1543, in which it was published. It was entitled D« 
Revalutiombua Orbiinn Ccelestium Libri 71. He re- 
ceived the only copy he ever saw on the day of his 
death, and never opened it: he had then, says Oas- 
sendi, his biographer, other cares. His system was, 
however, to a certain extent, jiromulgated, and hia 
fame dlfiiised before that time. Cardinal Schomberg, 
in his letter of 1536, which has been already men- 
tioned, says, ' Some years ago, when I heard tidings of 
your meidfc by the constant report of all persons, my 
affection for you was B.\iL^uie\v\«i, av\4.\ sawg».\.'a.W«A 



INDUCTION OF COPEliXlCUS, 289 

the men of our time, nmoBg whom you flourish in bo 
much honour. For I had understood that you were 
not only acquainted with the diiicoveries of ancient 
mathematicians, but alao had formed a now system of 
the world, in which you teach that the Earth moves, 
the Sun ooeupies the lowest, and conaequentij, the 
middle place, the sphere of the fixed stars remains 
immoveable and fixed, and the Moon, along with the 
elementH included in her sphere, placed between the 
orbits (ftjrfiMn) of Mara and Venus, travels round the 
sun in a yearly revolution.'^ The writer goes on to 
«ay that he has heard that Copernicus has written a 
Ixiok (Commeiilarioii), in which this system is applied 
to the construction of Tables of the Planetary Motions 
(m-alicarutn eteUarum). He then proceeds to entreat 
liim earnestly to publish his lucubrations. 

Thia letter is dated 1^36, and implies that the work 
of Cnpemicufl was then written, and known to persons 
who studied astronomy. Delambre says that Achilles 
Oassaras of Lindau, in a letter dated 1540, sends to 
his friend G«oi^e Vogelin of Constance, the book De 
JieDolviumibuB. But Mr. De Morgan* has pointed out 
that the printed work which Gassams sent to Vogelin 
was the Narratia by Rheticus of Feldkirch, an eulogium 

9 ThiB pa«a«< haiBotmportant loa esse, »c erratiearom aWlUnun 
a place Id the hiaiory. (hat I will maiai calcullt subducioa tabnlia te 

leieram te non niodo velaram Bdmirstione. Qnamolirtm vir doc- 
in&theDiMtearum invfiita egrettie tlHiime, nigi libl moleiius ma, te 
callers Bed Miom novam mundi eUam alque ellam oroTeliemenler 

ixat temm movtrl : aolem Imum cammnnices, et luaa de mundl 
miindl, atque medlam locnm ob- sphsra Jucubrationea, nna cum 

aique Slum perpotuo nmnere: quod ad eandem rem pertineat 

tpbers ekmenlla, inter UaitiB et mittas.' 

Veneris ciEluni BlUm.aiiniTersBrlo ^ Asl. Mod.\, p. 13a. lovfc Ihil 

At^iie de hac tola utrauoioiie the personal klodaeu of Mr. De 
ntlone rommriitarloa a te eonfi-'C- MorEail. 
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of Copemicua and hia system prefixed to the second 
edition of the De Mevolulionibus, which appeared in 
I ^66. In this Narration, Rbeticua speaks of the work 
of Copemicua as a Falingenesia, or New Birth of 
astronomy. Rheticua, it appears, had gone to Coper- 
nicuH for the purpose of getting knowledge abont 
triangles and trigonometrical tables, and had had his 
attention called to the heliocentric theory, of which he 
became an ardent admirer. He epeaks of his ' Preceptor' 
with strong admiration, as we have seen. ' He appears 
to me,' says he, ' more to resemble Ptolemy than any 
other astronomer.' This, it must be recollected, waa 
selecting the highest known subject of comparison. 





CHAPTER III. 



Sequel to Copehmicus.^ — The Reception and Deve- 

LOPEMENT OF THE CoPEHNICAN TheOBT, 



Sect. I. — First Reception of the Copemican. Theory. 

THE theories of CnpemiciiB made their waj^ among 
astrononiers, in the manner in which true astrono- 
mical theories alwaja obtain the assent of competent 
judges. They led to the conatructiou of Tables of the 
motion of the sun, moon, and planeta, aa the theories 
of Hipparchus and Ptolemy had dona; and the verid- 
oation of the doctrinea was to he looked for, fi-om the 
agreement of these Tables with observation, through a 
sufficient course of tini& The work De Revolulionibna 
contains such Tables. In 1551 Reinhold improved 
and republished Tables foimded on the principles of 
Copernicus. ' We owe,' he aaya in his preface, ' great 
obligations to Copernicus, both for his laborious obser- 
mtiona, and for restoring the doctrine of the Motions. 
But though hia geometry ia perfect, the good old man 
Appears to have been, at times, careless in his numerical 
calculations. I have, therefore, recalculated the whole, 
&om a comparison of his observations with those of 
Ptolemy and others, following nothing but the general 
plan of Copemicua's demouatrationa.' These ' Prutenic 
Tables' were republished in 1571 and 1585, and con- 
tinued in repute for some time ; till su])er8eded by the 
Eudolphine Tables of Kepler in 1627. The name 
Frutenic, or Prussian, was employed by the author as 
a mark of gratitude to his benefactor Albert, Markgrave 
of Brandenbourg. The discoveries of Copernicus had 
inspired neighbouring nations with the ambition of 
claiming a place in the Hterary community of Europe. 
In Hometlujig of the same spirit, RUeticua 'wvot* a-a 
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Uncomium Bomgsice whioli ■waa published along wUh 
hia Narratio. 

The Tables founded upon the Copemican system 
■were, at first, much more generally adopted thwi the 
heliocentric doctrine on wliidi they were fonndeiL 
Thus Magini published at Venice, in 1587, New 
Theories o/the Celestial Orbits, agreeing vinih the Obser- 
vaiions of JUieholaa Cope^^icus. But in the preface, 
after prtusing Copernicus, he says, ' Since, however, be, 
either for the sake of ahowing his talents, or induced 
by hia own reasons, has revived the opinion of Nicetas, 
Aristaruhua, and others, coDceming tike motion of the 
earth, and has disturbed the established constitution of 
the world, which was a reason why njany rejected, or 
received with disHte, his hypothesis, I have thought it 
worth while, that, rejecting the suppositions of Coper- 
nicus, I should accommodate other causes to hia obser- 
vations, and to the Prutenic Tables.' 

This doctrine, however, was, as we have shown, 
received with favour by many persons, even before ilB 
general publication. The doctrine of the motion of the 
earth was first publicly maintained at Home byWidman- 
Btadt,^ who professed to have received it from Coper- 
nicus, and explained the System before the Pope and 
the Cardinals, hut did not teach it to the public 

Leonardo da Vinci, who was an eminent mathe- 
matician, as well flfl painter, about 151D, esrplained 
how a body, by describing a tind of spiral, might 
descend towards a revolving globe, so that ita ap[>arent 
motion relative to a point in the surface of the globe, 
might be in a straight line leading to the center. He 
thus showed that he had entertained in his thoughts 
the hypothesis of the earth's rotation, and was employed 
in removing the difficulties which accompanied this 
supposition, by means of the consideration of the 
composition of motions. 
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In like maimer we find the question stirred by other 
eminent men. Thus John Muller of Koni^bez^ a 
celebrated aatronomer wbo died in 1476, better known 
by the name of Regiomontanus, wrote a diasertatioa 
on the subject ' WLether the Earth be in motion or at 
rest," in which he decides ex prafesgo^ against the 
motion. Yet such discusaiona must have made gene- 
ralJj known the ailments for the heliocentric theory. 

We have already seen the enthusiasm with which 
Rheticus, who was Cojwmicus'a pupil in the latter 
years of his life, speaks of him. 'Thus,' says he, 
' God has given to my excellent preceptor a reign 
without end; which may He vouchsafe to guide, 
govern, and increase, to the restoration of astronomical 
truth. Amen.' 

Of the immediate converts of the Copemican ayntem, 
■who adopted it before the controversy on the subject 
bad attracted attention, I shall only add Mastlin, and 
his pupil, Kepler. Mastlin publoshed in 1 588 an 
EpUony, Astroiwmim, in which the immobility of the 
eaitii is asserted; but in 1596 he edited Kepler's 
Myateriwm Gosmographiewia, and the Narralio of 
Bheticus; and in an epistle of his own, which he 
inserts, he defends the Copemican system by those 
physical reasonings which we shall shortly have to 
mention, as the usual arguments in this dispute. 
Kepler himself, in the outset of the work just named. 
Bays, 'When I was at Tiibigen, attending to Michael 
Mteatlin, being disturbed by the manifold incon- 
venienoes of the usual opinion concerning the world, I 
was so delighted with Copernicus, of whom he made 
great mention in his lectures, that I not only defended 
his opinions in our disputations of the candidates, but 
wrote a thesis concerning the First Motion which is 
produced by the revolution of the earth.' This must 
have been in 1590. 

The differences of opinion respecting the Copemican 
eystem, of which we thus see traces, led to a controversy 
of some length and extent This controversy trimed 

' ScJiDDori Opera, part il. p. ii9. 



r 



294 UlSTOKY OF FORMAL ASTRONOMT. 

principally upon physical conaiilerations, which v 
nmch more distinctly dealt with by Kepler, and otheis 
ai the foliowere of C'operoicus, than they had been liy 
the diacorerer himself. I shall, therefore, give a sepa- 
rate ConBideration to this part of the subject. It maj 
be jiroper, however, Id the first place, to make a 
obserroiiona on the progress of the doctrine, inde- 
paidently of these physical speculations. 

Seel. 2. — Diffunion of the Coperniean Tlieory. 

The diffusion of the Coperniean opinions in. the world 
did not take place rapidly at first. Indeed, it 1 
necesaarily some time before the progress of obaerva- * 
tion, and of theoretical mechanics, gave the heliocentric 
doctrine that superiority in ai'gument, which 1 
makes ua wonder that men should have hesitated when 
it was presented to them. Yet thei-e were s 
speculators of this kind, who were attracted at once by 
ihe enlarged views of the universe which it opened b) 
them. Among these was the unfortunate Giordano 
Bruno of I^ola, who was burnt as a heretic at Soma 
in 1600. The hereaiea which led to his unhappy fete 
were, however, not his aBtronomical opinions, but a . 
work wl)ich he published in England, and dedicated to 
Sir Philip Sydney, under the title of S-pactAo tfcSfl 
Sealia TTiortfiinte, and which is understood to contain 
a bitter satire of religion .and the papal government 
Montucla conceivea that^ by liis rashness in visiting 
Italy after putting forth such a work, he com-. 
pelled the government to act against him. Bmuo 1 
embraced the Coperniean opinions at an early period, . 
and connected with them the belief in innumerable 
worlds besides that which we inhabit; as also certain 
metaphysical or theological doctrines, which he called 
the Nolan Philosophy. Jn 1591 he p^bliaht^d De . 
innvmerabUibug, iimiienao, «( injigurabili, aeu de Uni- 
verso el Mundia, in which he maintains that each star 
is a sun, about which revolve planets like our earth; 
but this opinion is mixed up vrith a lai^ mass of 
baseieaa verbal apeciiiatidiia. 
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Giordano Bruno ia a disciple of Copernicus ou whom 
^- ■we niay look with peculiar interest, sinn; he probably 
Lad a considei'able share in introducing the new 
opinions into England ;' although other persona, aa 
Piecorde, Field, Dee, had adopted it nearly thirty years 
earlier ; and Thomas Digges ten years before, nuich more 
expressly. Bruno visited this countiy in the reign of 
Queen Elizabeth, and speaks of her and of her coun- . 
cillors in terms of praise, which appear to show that 
bis book was intended for English readera ; though he 
describes the mob which was usually to be met with 
in the streets of London with expressions of great 
disgust: " Una plebe la quale in essere irrcspettevole, 
incivile, rozza, rustica, selvatica, et male allevata, non 
cede ad altra che pascer possa la terra nel ;mo seno.' * 
The work to which I refer is La Cena de le Cenere, and 
narrates what took place at a supper held on the 
evening of Ash Wednesday (about 1583, see p. 145 of 
the book), at the house of Sir Fulk Greville, in order 
to give ' II Noiano' au opportunity of defending hia 
peculiar opinions. His principal antagonista are two 
' Dottori d' Oxonia,' whom Brano calls Nimdinio and 
Torqnato. The subject is not treated in any very 
masterly manner on either side; but the author makes 
Iiimself have greatly the advantage not only in argu- 
ment, but in temper and courtesy: and in support of 
hia representations of ' pedantesi^ oatinatissima igno- 
ranza et presunzione, mista con una rustica inciyilitft, 
che ferebbe prevaricar la pazieiiza di Giobbe,' in his 
opponents, he refers to a public disputation which he 
had held at Ojtford with these doctors of theology, in 
presence of Prince Alasco, and many of the Rn gHqh 
nobility.' 

Among the evidences of the difficulties which atill 
lay in the way of the reception of the Copemican 
system, we may notice Bacon, who, aa is well known, 
never gave a full assent to it. It ia to be observed, 

a 8teBmUm'sAnat.Mel..Pivt ■ Sgmeproiligious lenn or perndox 
oftbcenrHi'eiRotiun.'EM:. 'Uruno.' be. 
* Opera di Giorilano Sraiu. vuJ. i. p. i4d. 
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however, that he does not reject the opinion of the 
earth's motion in so peremptory and dogmatjoal a 
manner as he ia Bometimea accused of doing : thus in 
the Thema Cceli he says, 'The earth, then, being 
supposed to be at rest (for that now appears to us the 
more true opinion).' And in his tract On the Ca^iM 0/ 
the Tides, he sajs, ' If the tide of the sea be the extreme 
and diminished limit of the diurnal motion of the 
heavens, it will follow that the eaith is immovable; or 
at least that it moves with a much slower motion than 
the water.' In the Descriptia GloH Irdellectualit he 
gives his reasons for not accepting the heliocentiio 
theory. ' In the system of Copernicus there are many 
and grave difficulties ; for the threefold motion with 
which he encumbers the earth is a serious incon- 
venience; and the separation of the aun from the 
planets, with which he has so many affections m 
common, is likewise a harsh step : and the introduction 
of so many immovable bodies into nature, as when he 
makes the sim and the stars immovable, the bodies 
which are peculiarly lucid and radiant ; and hia making 
the moon adhere to the earth in a sort of epicycle ; and 
some other things which he assumes, are proceedings 
which mark a man who thinks nothing of introducing 
fictions of any kind into nature, provided his calculB' 
tions turn out well.' We have already explained that^ 
in attributing three motions of the earth, Copernicus 
had presented his system encumbered with a com- 
plexity not really belonging to it. But it wiU be seen 
shortly, that Bacon's fimdamental objection to this 
system was hia wish for a system which could be sup- 
ported by sound physical considerations ; and it mtut 
be allowed, that at the period of which we are speak- 
ing, this had not yet been done in favour of the 
Oopemican hypothesis. We may add, however, that 
it is not quite clear that Bacon was in fiill possession 
of the details of the astronomical systems which that 
of Copernicus was intended to supersede; and that 
thus he, perhaps, did not see how much less hanih were 
these fictions, as he called them, than those which 
were the inevitable BlUnmBA-vjea. ?eiW^ W Bii^bt 
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Aven be liable to a little of that indistinctness, with 
respect to atrictly georaetrical concejitiona, which we 
have remarked in Aristotle. We can liardly other- 
■wiae flccoimt for his not seeing any use in resolving the 
apparently irregular motion of a planet into separate 
regular motions. Yet he speaks slightingly of this 
important step.^ 'The motion of planets, which is 
constantly talked of aa the motion of regression, or 
renitency, from west to east, and which is ascribed to 
the planets as a proper motion, is not true; but only 
arises from appearance, fi-ora the greater advance of 
the starry heavens towards the west, by which the 
jilaneta aift left behind to the east.' Undoubtedly those 
who spoke of such a motion of rf-gresiioTi, were aware of 
this; but they saw how the motion waa simplified by 
this "way of conceiving it, which Bacon aeema not to 
hare seen. Though, therefore, we may admire Bacon 
for the stedfastneBS with which he looked forwards to 
physical astronomy as the great and proper object of 
philosophical interest, we cannot give him credit for 
geeing the full value and meaning of what had been 
done, up to his time, in Formal Astronomy. 

Bacon's contemporary, Gilbert, whom he frequently 
praises as a j>hiloaapher, was much more disposed to 
adopt the Coi>emioan opinions, though even he does 
not appear to have made up his mind to assent to the 
whole of the system. In his work, De Magnete 
{printed 1600), he gives the principal arguments in 
&vour of the Copemican sj^tem, and decides that the 
earth revolves on its axis.' He connects this opinion 
with his magnetic doctrines; and esjiecially endea- 
vours by that means to account for the precession of 
the equinoxes. But he does not seem to have been 
equally confident of its annual motion. In a posthu- 
moua work, published in i6gi {De Mimtdo lioslro 
Siibiunari Philosophia Nova), he apjteara to hesitate 
between the systems of Tycho and Copernicus.* Indeed, 
it is probable that at this period many persons were in 
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a state of doubt on such aubjects. Milton, at a periiMl 
aoraewbat later, a[)pearB to have been atill undecided 
In the ojwning of the eighth book of the Paradise 
Iioet, he makes Adam state the difficulties of tha 
Ftolemaic hypothesis, to which the archangel Kaplmel 
oppoaee the usual answers ; but afterwards suggeate to 
hia pupil the newer system : 

.... What if BeieDth to theae 

The planet ^rth, 50 ^tedfast though flbe seem, 

loBenaibly three diifureul mutioua move ! 

Pur. Ltat, b. Tiii. 

Milton's leaning, however, seems to have been fiw 
the new system ; we can hardly believe that he would 
otherwise have conceived no distinctly, and deapribed 
with such obvious pleasure, the motion of the earth; 

Or she frnm ireat her silent coarse advance 
With inoffensire pace, that spinning aleepa 
On her soft axle, while she paces even, 
And bears thee soft with the smuDth air along. 

Par. Loit, b. riii. 

Perhaps the works of the celebrated Bishop Wilkina 
tended more than any others to the difitision of the 
Copemican stystem in England, since even theii' extra- 
vagancies drew a stronger attention to them. In 1 638, 
when he was only twenty-four years old, he published 
a book entitled The Discovery of a Nme World; or, a^ 
Dimmrae tending to prove t/ial U u probable tliere mag, 
be anot/i£r habitahle World in the Moon; toilh a Dis- 
course eonaeming the possibility of a passage thitheiv 
The latter part of bis subject was, of course, an obvious-' 
mark for the sneers and witticisms of critics. Tw*. 
yeaxs afterwards, in 1640, appeared bis BiscQurae coa- 
ceming a new Planet; lending to prove that it tf: 
probable our Earth is one of the Planete : in which hfr . 
urged the reasons in favour of the heliocentric syBtenb}. 
and explained away the opposite arguments, especially. 
those drawn from the supposed declarations of Scrip-' 
ture. Probably a good deal was done for the establisV . 
ment of those opinions by Thomas Saluabuiy, who waa" 
a warm admirer of Galileo, and jiublished, in 1661, a 
translation o£ several oi \v\a ■wo^'ta V*a:mi% n^n. tbia 
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subject The mathematicians of thia country, in the 
seventeenth century, as Napier aod Bri^s, Horrox 
and Crabtree, Oughtred aud SetL Ward, Wallis aud 
Wren, were probably all decided Copemicans. Kepler 
dedicates one of hia works to Napier, and Ward in- 
vented an approximate method of solving Kepler's 
problem, still known as ' the simple ellijrtioal hypo- 
thesia.' Horrox wrote, and wrote well, in defence of 
the Copemican opinion, in his Kejilerian Attronomy 
defended amd prmnoted, composed (in Latin) probably 
about 1635, but not pubLshed till 1673, the author 
having died at the age of twenty-two, and his papers 
having been lost But Salusbury's work waa calculated 
for another circle of readers. ' The book,' he says in - 
the introductory address, ' being, for subject and 
design, intended chiefly for gentlemen, I have been as 
careless of nsing a. studied pedantry in my style, as 
care&l in contriving a pleasant and beautiful impres- 
sion.' In order, however, to judge of the advantage 
under which the Copemican system now came for- 
wards, we must consider the additional evidence for it 
which was brought to light by Galileo's astronomical 



jSed. 3. — Tlie ffelioeentric Theory confirmed hy Facta. — 
Gidiieo'g Astronomical Discoveries. 

The long interval which elapsed between the laat great 
discoveries made by the ancients and the first made by 
the modems, had afforded ample time for the develope- 
ment of all the important consequences of the ancient 
doctrines. But when the human mind had been 
thoroughly roused again into activity, this was no 
longer the course of events. Discoveries crowded on 
«acb other ; one wide field of speculation was only just 
opened, when a richer promise tempted the labourers 
away into another quarter. Hence the history of thia 
period contains the beginnings of many sciences, but 
exhibits none fiitly worked out into a complete or final 
ibrm. Thus the science of Statics, soon after its revival, 
was eclipsed and overiaid by that of Dynamica-, a.iii'Oiift 
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Copemican ayatem, considered merely -mth reference to 
the views of its author, was absorbed in the commaading 
interest of Physical Astronomy, 

Still, advances were made which liad an important 
bearing on the heliocentric theory, in other ways than 
by throwing light upon its physical principlee. I speak 
of the new TiewB of the heavens which the Telescope 
gave; the visible inequalities of the moon's surface; 
the moon-like phases of the planet Venus; the discovery 
of the Satellites of Jupiter, and of the Ring of aatnm. 
These discoveries excited at the time the strongest 
interest; both from the novelty and beauty of the 
objects they presented to the senae; from, the way in 
which they seemed to gratify man's curiosity with regard 
to the remote parts of the universe ; and also from that 
of which we have here to speak, their bearing upon the 
conflict of the old and the new philosophy, the heho- 
centrio and geocentric theories. It may be true, aa 
Lafp:«nge and Montucla say, that the laws which 
Ualileo discovered in Mechanics implied a profounder 
genius than the novelties he detected in the sky : but 
the latter naturally attracted the greater share of the 
attention of the world, and were matter of keener 
discussion. 

It is not to our purpose to speak here of the details 
and of the occasion of the invention of the Telescope; 
it is well known that Galileo constructed hia about 
1609, and proceeded immediately to apply it to the 
heavens. The discovery of the Satellites of Jupiter 
was almost immediately the reward of his activity: 
and theae were announced in hia Nuneiua Sidereug, 
published at Venice in 1610. The title of this woric 
will best convey an idea of the claiwi it made to publig 
notice : ' The Sidereal Messenger, announcing great and 
very wonderful spectacles, and offering them to the 
consideration of every one, but specially of philosophers 
and astronomers; which have been oteerved by Galileo 
Galiiei, &c. 4c., by the assistance of a perspective glass 
lately invented by him; namely, in the face of the 

tmoon, in innumerable fixed stara in the milky-way, in 
nebulous stars, \\vX es^tsdaVVj m. En\ir ijlaneta which j 
J 
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revolTe round Jupiter at different intervals and periods 
"witii ft wouderiul celerity; which, hitherto not known 
to any one, the author has recently been the first to 
detect, and has decreed to call the Aledicean glars.' 

The interest this discovery excited was intense ; and 
men were at this period so little habituated to accom- 
modate their convictions on matters of sflience to newly- 
observed facts, that several of ' the paper-philosophers,' 
as Galileo termed them, appear to have thought they 
could got rid of these new objects by writing books 
against them. The effect which the discovery had 
upon the reception of the Copemican system was im- 
mediately veiy considerable. It showed that the real 
umverse was very different from that which ancient 
philosophers had ima^ned, and suggested at once the 
thought that it contained mechanism more various and 
more vast than had yet been conj ectured. And when 
the patera of the planet Jupiter thus offered to the 
bodily eye a model or image of the solar system accord- 
ing to the views of Copernicus, it supported the belief 
of such an arrangement of the planets, by an analogy 
all but irresistible. It thus, as a writer* of our own 
times has said, ' gave the holtiing turn to the opinions 
of mankind respecting the Copemican system.' We 
may trace this effect in Bacon, even though he does 
not assent to the motion of the earth. ' We affirm,' he 
sayB,'" ' the guTt-foUowing arrangement (solisequium) ot 
Venus and Mercuiy ; since it has been found hy Galileo 
that Jupiter also has attendants.' 

The NuTuAue Sidereua contained other discoveries 
which had the same tendency in other ways. The 
examination of the moon showed, or at least seemed to 
show, that she was a solid body, with a surface extremely 
rugged and irregular. This, though perhaps not 
beanng directly ilpon the question of the heliocentrio 
theory, was yet a blow to the Aristotelians, who had, 
in their philosophy, made the moon a body of a kind 
altogether different from this, and had given an ahiin- 
dAut quantity of reasons for the visible marks on her 
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mirface, aU proceeding on these preconceived viewBi 
Others of his diacoverioa produced the same effect; for 
inatance, the new stars invisible to the naked eye, and 
those extraordinary appearances called Nelmlffi. 

But before the end of the year, Galileo had neir 
information to communicate, bearing more decidedly 
on the Copemican controversy. This inteUigenoe ww 
indeed decisive with regard to the motion of Venus 
about the sun ; for he found that that planet, in tba 
course of her revolution, assumes the same succession of 
phases which the moon exhibits in the course of a montL 
This he expressed by a Latin verse ; 

Cjnthiie figarss EBiutilatur mater smonun : 

The Qaeen of Love like Cynthia shapea her fomiH : 

trangpoaing the letters of this line in the published 
account, according to the practice of the age; which 
thus showed the ancient love for combining verbal 
puzzles with scientific discoveries, while it betrayed 
the newer feeling, of jealousy respecting the priority 
of discovery of physical facts. 

It had always been a formidable objection to the 
Copemican theory that this appearance of the planets 
had not been observed. The author of that theory had 
endeavoured to account for this, by supposing that the • 
rays of the sun passed freely through lie body of the 
planet; and Galileo takes occasion to praise him £» 
not being deterred from adopting the system which, on 
the whole, appeared to agree best with the phenomena, 
by meeting with some appearances which it did not 
enable bim to explain. '^ Yet while the fate of the 
theory was yet undecided, this could not but be looked 
upon as a weak point in its defences. 

The objection, in another form also, was embarraaaing 
alike to the Ptolemaic and Copernioau systems. Why, 
it was asked, did not Yenus appear four times as large 
when nearest to the earth, as when forthest from it ) 
The author of the Epistle prefixed to Coiiemicns's work 
had taken refuge in this argument from the danger of 
being sniiposed to believe in the reality of the ^^tem; 
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and 'Bruno had attempted to answer it by saying, that 
himinous bodies were not governed by the same laws 
of perspective as opaque ones. But a more satiafact^iy 
answer now readily offered itaelf. Venus does not 
appear four times as hirge when she is four times as 
near, because her bright part is tioI four times as lai^e, 
though her visible diameter is ; and as she is too small 
fer us to see her shape with the naked eye, we judge of 
her size only by the quantity of tight 

The other great discoveries niwle in the heavens by 
means of telescope^ aa that of Saturn's ring and his 
satellites, the spota in the sun, and othera, belong to the 
further progress of astronomy. But we may here 
observe, that this doctrine of the motion of Mercury 
and Venus about the sua was further confirmed hy 
Kepler's observation of the transit of the former planet 
over the sun in 1631, Our countryman HorroK was 
the first person who, in 1639, had the satisfaction of 
seeing a transit of Venus. 

These events are a remarkable instance of the way 
in which a discovery in art, (for at this period, the 
making of teleacojieB must be mainly so considered,) 
may influence the progress of science. We shall soon 
ha,ve to notice a still more remarkable example of the 
way in which two sciences (Astronomy and Mechanics) 
may influence and promote the progress of each other. 

Sect. 4, — TJie Copemican Systetn opposed on 
Theological Grounda. 

Thk doctrine of the Earth's motion round the Sun, 
ivhen it was asserted and proniulgated by C'opemicuB, 
Boon after 1500, excited no visible alarm among the 
theologians of his own time. Indeed, it was received 
with favour by the most intelligent ecclesiastics ; and 
lectures in support of the heliocentric doctrine were 
delivered in the ecclesiastical colleges. But the asser- 
tion and confirmation of this doctrine by Galileo, about 
a century later, excited a storm of controversy, and 
was visited with severe condemnation.' Galileo's own 
behaviour appeal's to have provoked the iiActfei«\ica 
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of the eccleaiasttcaj autharitiea ; but there must have 
been a great chaage in the temper of the times to maka 
it possible for his adversaries to bring dovni the sentence 
of the Inqidaitioa upon opinions which had been bo 
lona current without giving any serious offense, 

[2nd Ed.] [It appears to me that the different degrea 
of toleration accorded to the heliocentric theory in the ' 
time of Copemicua and of Galileo, must be a.scribed in , 
a great meaaure to the controversies and alajTns w"-'-*- 
had iu the mean time arisen out of the Reformatio 
religion, and which had rendered the Komish Chvirdi. 
more jealous of innovations in received opinions than it 
had previously been. It appears too that the discussicot 
of such novel doctrines was, at that time at least, less-; 
freely tolerated in Italy than in other countries. In 
1597, Kepler writes to Galileo thus: ' Confide Oalikea 
et progredere. Si bene conjecto, pauci de pneoipuig; 
Europae Mathematicis a nobis secedere volent; tants> 
vis est veritatis. Si tibi Italia minus est idonea ad 
publicationem, et sj aliqua habitures es impedimenta, 
forsan Germania nobis banc libertatem concedet'— 
Venturi, Merm. di GalUeo, vol. i. p. 19. 

I would not however be understood to assert tha 
condemnation of new doctrines in science to be either , 
a general or a characteristic practice of the Itomiah,i 
Church. Certainly the intelligent and cultivated naindg'-. 
of Italy, and many of the most eminent of her eccleai* ' 
astics among them, have always been the foremost ia^ 
promoting and welcoming the progress of science : and,. 
aa I have stated, there were found among the ItaJiait' 
ecclesiastics of Galileo's time many of the eariiest and 
most enlightened adherents of the Copernican system. 
The condemnation of the doctrine of the earth's motion^ , 
is, so fei as I am aware, the only instance in which th«l 
Pajial authority has pronounced a decree upon a pointy' 
of science. Aiid the most candid of the adherents of ■ 
the Komiah Church condemn the assumption of autho- 
rity in such matters, which in this one instance, at leas^ 
was made by the ecclesiastical tribunals. The author 
of the Agea of Faith ihook viii. p. 248) says, 'A oongre- 
gatiou, it is to be \aiQ.entt4,i\'j'i\aie^'0cift \iie« •sf^Aexa.ia 
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be opposed to Scripture, and therefore heretical.' In 
more recent times, aa I have elsewhere remarked,^^ the 
CJhurch of Authority and the Church of Private Judg- 
ment have each its peculiar temptations and dangers, 
when there appears to he a discrepance between Scrip- 
ture and Philosophy. 

But though we may acquit the popes and cardinals 
in Galileo's time of stupidity and perversenesa in rejeot- 
iag manifest scientific truths, I do not see how we can 
acquit them of dissimulation and duplicity. Those 
pereons appear to me to defend in a very strange manner 
the conduct of the ecclesiastical authorities of that 
period, who boast of the liberality with which Coper- 
niccoi professors were placed by them in important 
offices, at the very tim.e when the motion of the earth 
had been declared by the same authorities contrary to 
Scripture, Such merits cannot make us approve of 
their conduct in demanding &om Galileo a public 
recantation of the system which they thus favoured in 
other ways, and which they had repeatedly told Galileo 
he might hold aa much as he pleased. Nor can any 
one, reading the plain language of the Sentence passed 
upon Galileo, and of the Abjuration forced from him, 
find any value in the plea which has been urged, that 
the opinion was denominated a heresy only in a wide, 
improper, and technical aense. 

But if we are thus unable to excuse the conduct of 
Galileo's judges, I do not see how we can give our 
unconditional admiration to the philosopher himself. 
Perhaps the conventional decorum which, as we have 
seen, was required in treating of the Copernican system, 
may excuse or explain the furtive mode of insinuating 
his doctrines which he often employs, and which some 
of his historinnH admire as subtle irony, while others 
blame it as insincerity. But I do not see with what 
propriety Galileo can be looked upon as a ' Martyr of 
Science.' Undoubtedly he was very desirous of pro- 
moting what he conceived to be the cause of philoso- 
phical truth; but it would seem that, while he waa 

'-' fiat /lid. Sci. boot x. c'.iap. A- 
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restless and eager in urging liis opinions, Ue wa 
always ready to make such submissions as the spiritual 
tribimals required. Ho would really have acted as a 
martyr, If he had uttered his ' E pur si tnnove,' in the 
place of his abjuratioii, not after it. But even in this cast 
he would have been a martyr to a, cause of which the 
merit wasofamingledscientificcharacter; forhiaown 
special and favourite share in Uie reaaonings by whidt 
the Copemican system was supported, was the argumea* 
drawn &om the flux and reflux of the sea, whidli 
ai^ument is altogether false. He considered this h 
supplying a mechanical ground of belief, without whiolr 
the mere astronomical reasons were quite inaufficient; 
but in this case he was deserted by the mechanical 
sagacity which appeared i& his other speculations.] 

The heliocentric doctrine had for a century oeea 
making its way into the minds of thoughtful men, oil 
the general ground of its simplicity and symmetTji^ 
Galileo appears to have thought that now, when tbeie 
original recommendations of the system had been 
reinforced by his own discoveries and reasonings, it 
ought to he universally acknowledged as a truth and a 
reality. And when arguments against the fixity of the 
Bun and the motion of the earth were adduced from 
the expressions of Scripture, he could not be satisfied- 
without maintaining his favourite opinion to be ooui- 
fonnable to Scripture as well as to Philosophy ; and he 
was very eager in his attempts to obtain from author!^ 
a declaration to this effect. The ecclesiastical autho- 
rities were naturally averse to express themselves in^i 
favour of a novel opinion, startling to the comm«i. 
mind, and contrary to the most obvious meaning of thfi 
words of the Bible ; and when they were compelled ' 
to pronounce, they decided against Galileo and hig 
doctrines. He was accused before the Inquisition in' 
1615; but at that period the result was that he was 
merely recommended to confine himself to the mathe- 
matical reasonings upon the system, and to abstain from 
meddling with the Scripture. Glalileo'a zeal for his 
opinions soon led him. a^in to bring the qiiestion under 
the noticeof the ?«pe,anA.''iie^«a^^-"««!>'».&w&raaiiji!sa. 
of the Inquisition. tii8.-t flia iwArais, (& ■Cos. <»>x^ 
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motion appeared to be contrary to the Sacred Scriptui 
GiflJileo WHS prohibited from defending and teaching 
this doctrine in any manner, and promised obedience 
to this injunction. But in 1632 he published hia 
Dialogo deUi due Masnmi Sitlemi del Mtmdo, Toleiaaieo 
e Co^MmMono.-' and in this, he defended the heliocentric 
system by all the strongest arguments vbich its ad- 
mirers used. Not only ho, but he introduced info 
thia I^ialogue a chai-acttr under tbe name of Simplicius, 
in whose mouth waa put the defence of all the ancient 
dogmas, and who was represented as defeated at all 
points in the discussion ; and he prefixed to the Dialogue 
a Notice, To Ute IHgereei Sender, in which, in a vein of 
trsnsp&reiit irony, he assigned hia reasons for the pub- 
lication. ' Some years ago,' be says, ' a wholesome 
edict waa promulgated at Kome, which, in order to 
check the perilous scandals of the present age, imposed 
silence upon the Pythagorean opinion of the motion of 
the earth. There were not wanting,' he adds, ' persons 
who rashly asserted that this decree was the result, 
notof a judicious inquiry, but of a passion ill-informed; 
and complaints were heard that counsellors, utterly 
unacquainted with astronomical observations, ought 
not to be allowed, with their undue prohibitions, to clip 
the wings of speculative intellects. At the hearing of 
rash lamentations like these, my zeal could not keep 
ailence.' And he then goes on to say that he wishes, 
by the publication of his DlaUigiie, Xa show that the 
subject had been fully examined at Rome. The result 
of this was that Ualileo waa condemned for his infrac- 
tion of the injunction laid upon him in 1616; his 
Dialogue was prohibited ; he himself waa commanded 
to abjure on hia knees the doctrine which he had 
taught; and this abjuration he performed. 

■nds celebrated event must be looked upon rather as 
a question of decorum than a stniggle in which tlie 
interests of truth and free inquiry were deeply concerned. 
The general acceptance of the Copemican Sj^tem 
waa no longer a matter of doubt. Several persons in 
the highest positions, including the Pope himself, 
looked upon the doctrine with fa\oura.\i\.e e^ea', «»&. 
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had shown their interest in Galileo and his diBGovariaa, 
They had tried to prevent hia involving hiniBelf in 
trouble by discussing the question on Bcriptunl 
grounds. It is probable that hia knowledge of tho«e 
£ivourable dispositions towards himself and hiB opisiou 
led him to suppose that the slighteat colour of pn> 
fessed aubmisBion to the Church in hia beli^ would 
enable his arguments in favour of the system to paa 
iinvisited ; the notice which I have quoted, in whidl 
the irony is quite transparent and the sarcasm glaringly' 
obvious, was deemed too flimsy a veil for the purpow 
of decency, and indeed must have aggravated tl|s 
offense. But it is not to be supposed that the inqui- 
sitors beHeved Galileo's abjuration to be sincere, ot 
even that they wished it to be so. It is stated that 
when Galileo had made his renunciation of the earth's 
motion, he rose icom his knees, and stamping on tfaft; 
earth with his foot, said, E par ai wiMoce — ' And yet H 
does move.' Tbia is BOmetimea represented 
heroic soliloquy of a mind cherishing its coi 
of the truth in spite of pei-secution ; I think i 
more naturally conceive it uttered as a playful epigram'' 
in the ear of a cardinal's secretary, with a fiill know-' 
ledge that it would be immediutely repeated to hiemasteE.; 

[zndEd.] [Throughout the oonrse of the proceeding* 
against him, Galileo was treated with great courte^ 
and indulgence. He was condemned to a formal imr 
prisonment and a very light discipline. ' Te damnamuB' 
ad formalem carcerem hujus S. Officii ad tempus arln-' 
trio nostro limitandmn- et titulo pcenitentice salutariBi 
pracipimus ut tribua annis fiituris recites semel ia 
hebdoraada septem psalmos penitentiales.' But th»: 
confinement was reduced to his being placed undoj' 
some slight restrictions, first at the house of Nicolin^, 
the ambaasador of his own sovereign, and afterwardk 
at the country seat of Archbishop Piccolomini, one ofi 
hia own warmest friends. 

It has sometimes been asserted or insinuated that 
Galileo was auhjecteii to bodily torture. An argument 
liiis been drawn fi*oiii the expressions used in hia 
sentence ; ' Cum veto auVi\a V\AijyiAu'c TitiQ ssbk, *. \j^ 
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integram vei'itatem jironunciatam circa tuam inten- 
tionemj juclicavinnia necesse esse venire ad rigoroaum 
examen tui, in quo respondisti catLolicS.' It Las been, 
argued by M. Libri {UieL de» Sciences Matkimatiques 
era Italie, vol. rv. p. 259}, and M, Quinet {UUltra- 
wontanisme, iv. Le^on, p. 104), that the rigortmim 
exatiien ncceasariiy implies bodily tortnre, notwith- 
atanding that no such thing is mentioned by Galileo 
and his coateniporariea, and notwithstandiug the con- 
sideration with which he was tteateJ in all other 
respeota ; but M. Biot more justly remarks {Biogr. 
Univ. Art. Galileo), that such a procedui-e ia incredible. 

To the opinion of M. Biot, we may add that of 
Delambre, who rejects the notion of Galileo's having 
been put to the torture, as inconsistent with the 
genen^ conduct of the authorities towards him, and as 
irreconcilable with the accounts of the trial given by 
Galileo himself, and by a servant of his, who never 
quitted him for an instant. He adds also, that it is 
inconsistent with the worda of his sentence, ' iie tuns 
late gravis et pernicioaus en-or ac transgres»io remaueat 
OTnnino impunitua ;' for the errour would have been 
already very fer from impunity, if Galileo had been 
previously subjected to the rack. He adds, very 
reasonably, ' il ne faut noircir peraonne sans preuve, 
pas mSme I'lnquisition ;' — wo must not calumniate 
even the Inquisition.] 

The ecclesiastical authorities having once declared 
the doctrine of the earth's motion to be conti-ary to 
Scripture and heretical, long adhered in fonii to this 
declaration, and did not allow the Coperuican system 
to be taught in any other way than as a ' hypothesis.' 
The Padua edition of Galileo's works, published in 
1744, contains the Dialogue which now, the editors 
say, ' Esce finalmeute a pubblico iibero uao coUe debite 
licenw,' is now at last finely published with the requisite 
license; but they add, 'quanto alia Quistione principale 
del moto della ten'a, anche noi ci conformiamo alia ritra- 
zione et protesta dell' Autore, dichiarando nella piu 
Bolenne forma, che non [mft, uE dee ammetersi se non 
come jjura l}>oteai Mathematice, cbe aeive a, a^^fe^ft 
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piu t^evolajoento certd fenomeni ;' ' neither con nor 
ought to be admitted escept as a convenient hypo- 
theais.' And in the edition oi'Newton's FHneipia, pub- 
lished in 1760, by Le Suenr and Jacquier, of the Order 
of Minims, the editors prefix to the Third Book their 
Declaratio, that though Newton aaaumes the hypothesia 
of the motion of the earth, and therefore they had used 
nimilar language, they vere, in doing this, assuming 
a character which did not belong to them. ' Hinc 
alienam coacti sumna gerere personam.' They add, 
' CKtemra latia a aummis Pontificibua contra telluris 
motum Decretia, nos obaequi pi'ofltemur.' 

By thus making decrees against a doctriue which in 
the course of time was established as an indisputable 
Bcientifio truth, the See of Rome was guilty of an 
unwise and unfortunate stretch of ecclesiastical autho- 
rity. But though we do not hesitate to pronounce 
such a judgment on this case, we may add that there 
is a question of no small real difficulty, which the 
progi-ess of science often brings into notice, as it did 
then. The Revelation on which our religion is founded, 
seems to declare, or to take for granted, opinions on 
points on which Science also gives her decision; and 
we then come to this dilemma, — that doctrines, esta- 
blished by a scientific use of reason, may seem to con- 
tradict the declai-ations of Revelation, according to our 
view of its meaning;— and yet, that we cannot, in 
consistency with our religious views, make reason a 
judge of the truth of revealed doctrines. In the caso 
of Astronomy, on which Galileo was called in question, 
the general sense of cultivated and sober-minded men 
has long ago drawn that distinction between religious 
and physical tenets, which is necessary to resolve this 
dilemma. On this point, it is reasonably held, that 
the phrases which are employed in Scripture respecting 
astronomical iacts, are not to be made use of to guide 
our Bcientiiic opinions; they may be supposed to 
answer thoir end if they fall in with common notions, 
and are thus effectually subservient to the moral and 
religious import of Revelation. But the establishment 
of this distinction whs' iio\, suiw>m^\!Scv.'.-A ■w\'Oqhvv\. 'a'ait 
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J Qoutroversiea. Nor, if we wish to 
iuclvide all cases in wtich the same dilemma may 
again come into play, is it easy to lay down an 
adequate oanoa for the purpose. For we can hardly 
foresee, beforehand, what part of the past history of 
the univeree may eventually l>e found to come within 
the domain of science; or what bearing the tenetfi, 
which science establishes, may have upon our view of 
the providential and revealed govemmeat of the world. 
But without attempting here to generalize on this 
subject, there are two reflections which may be worth 
our notice ; they are supported by what took place in. 
reference to Astronomy on the occasion of which we 
are apeating ; and may, at other periods, be applicable 
to other sciences. 

In the first place, the meaning which any generation 
puts upon the phrases of Scripture, depends, more 
than is at first sight supposed, upon the received 
philosophy of the time. Hence, while men imagine 
that they are contending for Revelation, they are, in 
fact, contending for their own interpretation of Revela- 
tion, unconsciously adapted to whut they believe to be 
ratiouaUy probable. And the new interpretation, 
which the new philosophy requires, and which appears 
to the older school to be a &tal violence done to the 
authority of religion, is accepted by their auccessora 
without the dangerous results which were apprehended. 
When the language of Sciijiture, invested with its 
new meaning, has become familiar to men, it is found 
that the ideas which it calls up, are quite aa recon- 
cileable as the former ones were, with the soundest 
rebgioua views. And the world then looks back with 
surprize at the errour of those who thought that the 
essence of Revelation was involved in their own arbi- 
trary version of some coUatei-al circumstance. At the 
present day we can hardly conceive how reasonable 
men should have imagined that religious reflections on 
the stability of the earth, and the beauty and use of 
the luminaries which revolve round it, woTild be inter- 
fered with by its being acknowledged that this rest 
and motion are apparent only. 
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In tte next place, we may observe that those who 
ttua adtere tenaciouHly to the traditionary or arbitrary 
mode of understanding Scriptural eKpressiona of phy- 
sical events, are always strongly condemned, by auo- 
ceeding generations. They are looked upon with 
contempt by the world at large, who cannot enter inW 
the obaolet* difficulties with which they encumbered 
themselves; and with pity by the more considerate 
and serious, who know how much sagacity and right- 
mindedness are requisite for the conduct of philosopher! 
and religious men on such occasions ; but who know 
also how weak and vain is the attempt to get rid of 
the difficulty by merely denouncing the new teneta aa 
inconsistent with religious beli^, and by visiting the 
promulgators of them with severity such as the state 
of opinions and institutions may allow. The prose- 
cutors of Galileo are still held up to the scorn and 
aversion of mankind; although, a& we have seen, they 
did not act till it seemed that their position compellol 
them to do so, and then proceeded with all the gentle- 
ness and moderation which were compatible with 
judicial forms. 

Ser.t. g.- — The Sdiocentric Theory confirmed on FA^ 
sical conaiderations. — {Frelude to Ryder's Aatro- 
nomical ZHteoverieg.) 
By physical views, I mean, as I have already said, 
those which depend on the causes of the motions of 
matter, as, for instance, the consideration of the nature 
and laws of the force by which bodies fall downwards. 
Such considerations were necessarily and immediately 
brought under notice by the examination of the 
Copemican theory; hut the loose and inaccurate 
notions which prevailed respecting the natui-e and 
laws of foree, prevented, for some time, all distinct 
reasoning on this subject, and gave truth little advan- 
tage over errour. The formation of a new Science, 
the Science of Motion and its Causes, was requisite, 
before the heliocentric system could have justice done 
it with regard to this part of the subject. 

This discussion v.-tm sA frc&\ cawVci isa, as, -was, to Iwi 
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expected, in terms of tte received, that is, the Ari- 
Btotelian. doctrinaa. Thus, Copemicua saya that ter- 
restrial thinga appear to bo at reat when they have a 
motion according to nature, that is, a circular motion; 
and ascend or descend when they have, in addition to 
ihiB, a rectilinear motion by which they endeavour to 
get into their own place. But his disciples aoon began 
to question the Amtotelian dogmas, and to seek for 
sounder views by the use of their own reason. ' The 
great argument against this system,' eaya Msestlin, ' is 
that heavy bodies are said to move to the center of 
the universe, and light bodies from the center. But I 
would ask, where do we get this experience of heavy 
and light bodies 1 and how is our knowledge on these 
subject extended so for that we can reason with 
certainty concerning the center of the whole uni- 
verse t la not the only residence and home of all 
the things which are heavy and light to ue, the 
earth and the air 'which surroirnds it ? and what is the 
earth and the ambient air, with respect to the im- 
menaitj of the universe ? It ia a point, a punctule, or 
something, if there be anything, still less. As our 
light and heavy bodies tend to the center of our earth, 
it ia credible that the sun, the moon, and the other 
lights, have a similar affection, by which they remain 
round as we see them ; but none of these centers is 
neceBsarily the center of the universe.' 

The most obvious and important physical difficulty 
attendant upon the supposition of the motion of the 
earth was thus stated : If the earth move, how is it 
that a stone, dropped from the top of a high tower, 
falls exactly at the foot of the tower ) since the tower 
being carried from west to east by the ditirual revolution 
of the earth, the stone must be left behind to the west 
of the place from which it was let fail. The proper 
answer to this was, that the motion which the falling 
body received from its tendency downwards was com- 
pounded with the motion which, before it fell, it had 
in virtue of the earth's rotation : but tliis answer covdd 
not be clearly made or apprehended, till Galileo and 
Lis pu/>iJs had established the laws of avicU Com'ywii\Ani 
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of motion ariaing from different forces. Kothoum, I 
Kepler, and other defendei-a of the Copernican system, 
gave their rejJy somewiiat at a Tcnture, when they 
asserted that itie motion of the earth was oominuuicat«d 
to bodies at its svirface. Still, the facte which indicate 
and establish this truth are obviouB, when the suhject 
is steadily considered; and the Copemicans soon found 
that they had the superiority of argument on this point 
as well as others. The attacks upon the Copernican. 
eystom by Durret, Morin, EJccioli, and the defence of 
it by Galileo, Lanaberg, Gasaendl,'^ left on all candid 
reaaoners a clear impression in favour of the system. 
Morin attempted to stop the motion of the earth, which 
I he called breaking ite wings; his Alis Terrie Fracta 
was published in 1643, and answered by Gasaendi 
And Biccioli, as late as \6^^,\ii\ns AI/mage»twmNomefnf 
enumerated fifty-seven Copernican argumenta, and 
pretended to refute them all : but such reasonings 
now made no converts ; and by this time the mechanic^ 
objections to the motion of the earth wei-e generally 
seen to he baseless, as we shall relate when we coma 
to speak of the progress of Mechanics as a distinct 
science. In the mean time, the beauty and simpUcity 
of the heliocentric theory were perpetually winning 
the admiration even of those who, from one cause « 
other, refused their assent to it. Thus Ric<aoli, the 
last of its considerable opponents, allows its superiority 
in these respects; and acknowledges (in 1 653) that the 
Copernican belief appears rather to increase than 
diminish under the condemnation of the decrees of the 
Cardinals. He applies to it the lines of Horace ■}* 

Per dnmDa p«r ctedea, ab ipeo 
Bumit opts animumque ferro. 
Dntamed its pride, aiieheeied ila mniBe, 
Fruin foes and wounde it gntheru force. 

We have spoken of the influence of the motion of 
the earth on the motions of bodies at its surface ; but 
the notion of a physical connexion among the parts of 
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the univeraa was taken up by Kepler in another point 
of view, whict would probably hiive been considered cm 
liighly fantastical, if the result bad not been, tbat it 
led to by far the moat magnificent and most certain 
train of truths 'which the whole expanse of human 
knowledge can show. I speak of the persuasion of the 
existence of numerical and geometrical laws connecting 
the distances, times, and foi'Gea of the bodies which 
revolve about the central sun. ITiat steady and 
intense conviction of this governing principle, which 
made its developement and verification the leading 
emplojnnent of K.epler'a moat active and busy life, 
eannot be considered otherwise than as an example of 
profound sagacity. That it was connected, though 
dimly and obscurely, with the notion of a central 
^^ncy or influence of some sort, emanating firom the 
Bun, cannot be doubted. Kepler, in his flrat essay of 
this kind, the Mysterium Cos-mograpJiicvmi, says, ' The 
motion of the earth, which Copernicus had proved by 
miaihemaiieai reasons, I wanted to prove by physical, 
or, if you prefer it, metaphysical.' In the twentieth 
chapter of that work, he endeavours to make out some 
relation between the distances of the Planets from the 
Sun and their velocities. The inveterate yet vague 
notions of forces which preside in this attempt, may be 
judged of by such passages as the following : — ' We 
must suppose one of two things : either that the moving 
Bpirits, in proportion as they are more removed from 
the sun, are more feeble ; or that there is one moving 
spirit in the center of all the orbits, namely, in the 
Bun, which urges eaeh body the more vehemently in 
proportion as it is nearer ; but in more distent spaces 
l&nguisbes in consequence of the remoteness and atte- 
nnation of its virtue.' 

We must not forget, in reading such passages, that 
they were written under a belief that force was requisite 
to keep up, as well as to change the motion of each 
planet; and that a body, moving in a circle, would 
Mtop when the force of the central point ceased, instead 
of moving off in a tangent to the circle, as we now 
know it would do. The force wiiicii lS.e^\Qt w«^\««k*. 
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is a tftngential foi-ce, in the direction of the body's 
motion, and nearly jierpendicular to the radiue; tiie 
force which modem philosophy has established, is in 
the direction of the radius, and nearly perptendicular 
to the body's path. Kepler was right no further than 
in hie suspicion of a connexion between the cause of 
motion and the distance irom the center; not only was 
hia knowledge imperfect in all particulars, but hia 
most general conception of the mode of action of a 
cause of motion was erroneous. 

With these general convictions and these physical 
notions in his mind, Kepler endeavoured to detect 
numerical and geometrical relations among the parts 
of the Bolar system. After extraordinary labour, pep- 
seTerance, and ingenuity, he was eminently succeaafiil 
in discovering such relations ; but the glory and merit 
of interpreting them according to their physical mean- 
ing, was reserved for his gi'eater successor, Newton. 
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CHAPTER IT. 

IndijCtive Epoch of K 



Sect. I. — -Intelleotual Character of Ktpler. 

SEVERAL persons,' especially in recent times, who 
liave taken a, Tiew of the diacoveries of Kepler, 
appear to have been surprized and somewhat discon- 
tented that conjecturea, apparently so fanciful and 
arbitrary as his, should have led to important disooveriea. 
They eeem to have been alarmed at the Moral that 
their readers might draw, from the tale of a Quert of 
Knowledge, in which the Hero, thongh fantastical and 
self-willed, and violating in his conduct, as they con- 
ceived, all right rule and sound philosophy, is rewarded 
with the m^ signal triumphs. Perhaps one or two 
roflectiDns may in some measure reconcile us to this 
result. 

In the first place, we may observe that the leading 
thought which suggested and animated all Kepler's 
attempts was true, and we may add, sagacious and 
philosophical ; namely, that there must be aoTne nume- 
rical or geometrical relations among the times, distances, 
and velocities of the revolving bodies of the solar system. 

I Laplace. /V&is rie eUisl.d'Asi. experiment and rlgoroui Induction 

p. 94- ' U eat iffligeant pour u ttae unly meHna to Intenogatg 

I'csprit honiain de voir ee grand nature with BUMeea." 
homme, mime dam aei derniera £(ft of Xeplfr. L. U K., p. 14, 

(juvngee, le complalre aiec Micea 'Bad philosopljy.' P. i5, 'Kep- 

et les regardvr comme Viate et U seizing truthe acroaa the wildest 

y US m and moat absurd thcoriva.' F. J4, 

HL <^ L TJ K ■ The danger of attemptjng loftil- 

' T Is En e6 K m low Ills method In the pursuit of 
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Thifl settled and constant convjction of an import- 
ant truth regulated all the conjectures, apparently so 
capricious and fanciful, which he mode and examined, 
reapecting particular relationn in the Byatf m. 

In the next place, we may venture to say, that 
advances in knowledge are not commonly made ■without 
the previous exercise of aome boldness and licenae in. 
gueBHing. The discovery of new truths requires, un- 
doubtedly, minds careful and scrupulous in examining 
what is suggested ; but it requires, no less, such as are 
quick and fertile in suggesting. What is Invention, 
except the talent of rapidly calling before ua many 
possibilities, and selecting the appropriate one "i It ia 
true, that when we ha.ve rejected all the inadmissible 
suppositions, they are quickly forgotten by most persona; 
and few tMnt it necessary to dwell on these discarded 
hypotheses, and on the process by which they w 
condemned, as Kepler has done. But all who discover 
truths must have reasoned upon manyerrours, to obtain 
each truth ; every accepted doctrine must have been 
one selectied out of many candidates. In making many 
conjectures, which on trial proved erroneous, K!eplev ' 
was no more fanciful or unphilosophical than other 
disQoverera have been. Discovery is not a ' cautious' 
or ' rigorous' process, in the sense of abstaining from 
such suppositions. But there are great difiereuces in 
different cases, in the lacility with which guesses are 
proved to be errours, and in the degree of attention 
with which the errour and the proof are afterwards 
dwelt on. Kepler certainly was remarkable for the 
labour which he gave to such self-refutations, and for 
the candour and copiousness with which he narrated 
them ; his works are in this way extremely curious and 
amusing i and are a very instructive exhibition of the 
mental process of discovery. But in this respect, ~ 
venture to believe, they exhibit to us the usual process 
(somewhat caricatured) of inventive minds; they rather 
exemplify the rule of gonius than (as has generally been 
hitherto taught) the exception. We may add, that if 
many of Kepler's guesses now appear faucifiil and 
absurd, because time anA (AMfcwaSiUM. Va.Nia ■^t&i.teA 
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I them, others, which were at the time equally gratuitous, 
have been couflnned by succeeding discoveries in a 
manner wliicli makes them appear marvellously saga- 
cious; as, for instance, his assertion of the rotation of the 
son on his axis, before the invention of the telescope, 
and his opinion that the obliquity of the ecliptic was 
decreasing, but would, after a long-continued diminu- 
tion, stop, and then increase again.^ Nothing can be 
more just, as well as more poeticully hap]>y, than. 
Kepler's picture of the philosopher's pursuit of scientific 
truth, conveyed by means of an allusion to Virgil's 
shepherd and shepherdess ; — 

Mnio me QaUtea petit, IssciTa paella 

Et fugit nd B&lissa et se capit ante videri. 

Coj jet inTiting, Galatea lovee 

To apurt in eigbt, then plunge into the groves; 

Tlie cLalleuge given, eke darts along the green, 

IpVill not be caught, yet would uot rnn unaeen. 

We may notice as another peculiarity of Kepler's 
ressoningH, the length and laboriousness of the pro- 
cesses by which he discovered the errours of his first 
' guesses. One of the most important talents requisite 
for a discoverer, is the ingenuity and skill which 
devises means for rapidly testing false suppositions as 
they offer themselves. This talent Kepler did not 
possess : he was not even a good arithmetical calculator, 
often making mistakes, some of which he detected and 
laments, while others escaped him to the last. But 
hia defects in this respect were compensated by his 
courage and perseverance in undertaking and executing 
such tasks ; and, what was still more admirable, he 
never allowed the labour he had spent upon any con- 
jecture to produce any reluctance in abandoning the 
hypothesis, as soon as he had evidence of its inacoui-aey. 
"nie only way in which he rewarded himself for his 
troijble, was by describing to the world, in his lively 
manner, his schemes, exertions, and feelings. 

The m,T/ttical parts of Kepler's opinions, as his beLef 
in astrology, his persuasion that the eaith was g 

I SBaill)-, .4, W. Hi. i75- 
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oimHl, and many of tLe loose moral and spiritual ai 
well as aensiljle aualyaea by which he represented to 
himaelf the powers which he supposed to prevail in the 
imiverse, do not appear to have interfered with hia 
diflcoveryj but rather to have stimulated his invention, 
and animated his exertions. Indeed, where there are 
clear scientific ideas on one subject in the mind, it 
does not appear that mysticism on others is at all 
unfavourable to the successful prosecution of research. 
I conceive, then, that we may consider Kepler'g 
character as containing the general features of the 
character of a scientific discoverer, though some of the 
features are exaggerated, and some too feebly marked. 
His spirit of invention was undoubtedly very fertile 
and ready, and this and his perseverance served to 
remedy his deficiency in nia^ematical artifice and 
method. But the peculiar ph3^iognomy is given, to , 
his intellectual aspect by his dwelling in a most 
prominent manner on those erroneoua trains of thought 
which other persons conceal fi-om the world, and often 
themselves forget, because they find means of stopping 
them at the outset lu the beginning of his book 
{Argv/memta Capitum) he says, ' if Christoplier Co- 
lumbus, if Magellan, if the Portuguese, when they i 
narrate their wanderings, sj-e not only excused, but if 
we do not wish these passages omitted, and should 
lose much pleasure if they were, let no one blame me 
for doing the same.' Kepler's talents were a kindly 
and fertile soU, which he cultivated with abundant 
toil and vigour; but with great acantinesas of agri- 
cultural skill and implements. Weeds and the grain 
throve and flourished side by side almost undis- 
tinguished; and he gave a peculiar appearance to his 
harvest, by gathering and preserving the one class of 
plants with as much care and diligence as the other. 

Sect. 2. — Sepler's DUcovery qfhia Third Law. 

I SHALL now give some account of Kepler's aj>ecula- 
tions and discoveries. The first discovery which he 
attempted, the relation OEooiift 'Oi 



P INDUCTIVE EPOCH OF KEPLER. 321 

of the planets from the sun, was a feilure ; hia doctrine 
being without any solid foundation, although pro- 
pounded by iiini with great triumph, in a work which 
he called Myateriiaii C'omnograpldmtm, and which was 
published in 1596. The account which he gives of the 
b'&in of his thoughts on this subject, namely, the 
various suppositions assumed, examined, and rejected, 
a oiirious and inatmctive, for the reaaoniB just stated; 
but we shall not dwell upon these essays, since they 
led only to an opinion now entirely abandoned. The 
doctrine which professed to give the true relation of 
the orbita of the different planets, was thus delivered ;* 
' The orbit of the Earth is a circle; round the sphere 
to which this circle belongs, desoribe a dodecahedron j 
the sphere including this will give the orbit of Mars. 
Bound Mars describe a tetrahedron ; the circle in- 
cluding this will be the orbit of Jupiter. Describe a 
cube round Jupiter's orbit; the circle including this 
will be the orbit of Saturn. Now inscribe in the 
Earth's orbit au icosahedron; the circle inscribed in it 
will be the orbit of Venus. Inscribe an octahedron in 
the orbit of Venus ; the circle inscribed in it will be 
Mercury's orbit. This is the reason of the number of 
tlte planets.' The five kinds of polyhedral bodies here 
mentioned are the only 'Regular Solids.' 

But though this part of the MysteriMm Coemo- 

I graphicutn was a failure, the sam.e researches continued 
to occupy Kepler's mind; and twenty-two years later 
led him to one of the important rules known to us as 

I 'Kepler's Laws;' namely, to the rule connecting the 
mean distanoes of the planets from the sun with the 

r times of their revolutions. This rule is expressed in 
math^uatical terms, by saying that the squares of the 
periodic times are in the same proportion as the cubes 
of the disbmces; and was of great imporionce to 
Hewton in leading him to the law of the sun's attractive 

IfcmcK We may properly consider this discovery as 
the sequel of the train of thought already noticed. In 
the beginning of the MyUenum, Kepler bad said, ' In 
VOL. I. 
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the year 1595, I brooded with the whole energy of 
my mind on the subject of the Copemican system. 
There were three things in puj-ticular of which I per- 
tinaciously sought the causes why they are not other 
than they are ; the number, the size, and the motion 
of the orbite.' We have aeen the nature of hia attempt 
to account for the two first of these points. Ho had 
also made some essays to connect the motions of the 
planets with their distances, hut with hie success in 
this respect he was not himself completely satisfied. 
But in the fifth book of the Harmmtice Mundi, pub- 
lished in 1619, he says, 'What I prophesied two-and- 
twenty years ago as soon as I had discovered the Five 
Solids among the Heavenly Bodies; what I firmly 
believed before 1 had seen the Sarmonics of Ptolemy; 
what I promised my friends in the title of this book 
(Ow the rtwst perfect Harmony of the Celestial Motiona), 
which I named before I was sure of my discovery; 
what sixteen years ago I regarded as a thing to be 
Bought; that for which I joined Tycho Brahe, for 
which I settled in Prague, for which I have devoted 
the beat part of my life to astronomical contem- 
plations; at length I have bi-otight to light, and 
have recognized its truth beyond my most sanguine 
expectations.' 

The rule thus referred to is stated in the third 
Chapter of this fifth Book. ' It is,' he says, 'a most 
certain and exact thing that the proportion which 
exists between the periodic times of any two planets is 
precisely the seaquipUcate of the proportion of their ' 
mean distances; that is, of the radii of the orbits. 
Thus, the period of the earth is one year, that of 
Saturn thirty years; if any one trisect the proportion, 
that is, take the cube root of it, and double the propor- 
tion so fotmd, that is, square it, he will find the exact 
proportion of the distances of the Earth and of Satnm 
from the sun, Tor the cube root of i is i, and the square 
of this is 1 ; and the cube root of 30 is greater than 3, 
and therefore the square of it is greater than 9. And 
Saturn at his mean distance from the sun is at a littlo 
more than 9 times flie ■m.ea.tv 4ia\Ko.w, eit tke Earth.' 
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When we now look back at the time ajid exertiona 
■which the eBtablishment of this law coat Kepler, we 
are tempted to imagine that be was strangely blind in 
not seeing it sooner. His object, we might reason, 
a to discover a law connecting the distances and the 
periodic times. What law of connexion could be more 
aimple and obvious, we might say, than that one of these 
quantitieB shoald vary as some power of the other, or a^ 
some root ; or as some combination of the two, which 
in a more general view, may still be called a power f 
And if the problem had been viewed in this way, the 
question must have occurred, to what power of the 
periodic times are the distances proportional } And the 
answer must have been, the trial being made, that they 
are proportional to the square of the cube root. This 
eX'pogt-J'aclo obviousness of discoveries is a delusion to 
which we are liable with regard to many of the most 
imporiiant piinciples. In the case of Kepler, we may 
observe, that the process' of connecting two classes of 
quantities by comparing their poioere, is obvious only 
to those who are familiar with general algebraical 
views; and that in Kepler's time, algebra had not 
taken the place of geometry, as the most usual vehicle 
of mathematical reasoning. It may be added, also, 
that Kepler always sought his formal taws by means 
of phffgical reasonings; and these, though vague or 
" erroneous, determined the nature of the mathematical 
connexion which he assumed. Tt^a in the Myateriv/m 
he had been led by his notions of moving virtue of the 
sun to this conjecture, among others, that, in the 
planets, the increase of the ]>eriods will be double of 
the difference of the distances ; which supposition be 
found to give him an approach to the actual proportion 
of the distances, but one not sufficiently close to satisfy 

The greater part of the fifth Book of the Harmtmiea 
of the Univirse consists in attempts to explain various 
relations among the distances, times, and eccentricities 
of the planets, by means of the ratios which belong to 
certain concords and disaords. This portion of the 
work is so complex and laborious, that probably few 



324 HISTORY OF FOHMAL ASTEONOMT. 

modem readers have had coarse to go througli it. 
Delambre* acknowledged that liia jmtience often Suled 
liim during the ta»k ; and subscribes to the judgment 
of Eoilly; ' After this aublime effort, Kepler replungea 
bimself in the relationB of music to the motions, the 
distance, and the eccentricities of the planets. In all 
these harmonic ratios there is not one true relation; 
in a crowd of ideas there is not one truth : he becomes 
a man after being a spirit of lighL' Certain]}' these 
speculations ate of no value, but we may look on them 
■with toleration, when we recollect that Newton has 
sought for analogies between the spaces occupied by 
the prismatic colours and the notes of the gamut.^ 
The numerical relations of Concords are so peculiar 
that we can easily sup[ioBe them to have other bearings 
than those which first offer themselves. 

It does not belong to my present purpose to speak 
at length of the speculations concerning the forces 
producing the celestial motions by which Kepler was 
led to this celebrated law, or of those which he deducod 
from it, and which are found in the Epitome AnVrO' 
<now,im Copemicana, published in i6a3. In that work 
also (p. 554), he extended this law, though in a loose 
manner, to the satellites of Jupiter. These phf/SKoi 
speculations were only a vague and distant prelude to 
Mewton's discoveries; and the law, as a formal rule, 
was complete in itself We must now attend to the 
history of the other two laws with which Kepler's 



Sect. 3. — Kepler's Discovery of hia Fint and Second 
Laws. — ElUptical Theory of the Plomett, 

The propositions designated as Kepler's First and 
Second liiws are these : That the orbits of the planets 
are elliptical ; and That the areas described, or gtoepl, 
by lines drawn from the sun to the planet are propor- 
tional to the times employed in the motion. 

The occasion of the discovery of these laws was the 

* A. M. a. jsa. s Oftwts. b. li. p. ii. Oba i, 
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attempt to reconcile the theory of Mare to the theory 
of eccentrics and epicycles; the event of it was the 
complete overthrow of that theory, and the eatablish- 
ment, in its stead, of the Elliptical Theory of the 
planeta. Aatronomy waa now ripe for such a. change. 
As 30oa as Copemtcus had taught tnen that the orbits 
of the pianeta were to be referred to theaun,it obvioiisly 
became a question, what was the true form of these 
orbits, and the rule of motion of each planet in its 
own orbit. Copernicus represented the motions in 
longitude by means of eccentrics and epicycles, as we 
have already said; and the motions in latitude by 
certain libralions, or alternate elevations and depres- 
aions of epicycles. If a mathematician had obtained 
a collection of true positions of a planet, the form of 
the orbit and the motion of the atar would have been 
determined with reference to the sun aa well aa to the 
earth; but this was not possible, for though the geo- 
centric position, or the direction in which the planet 
was seen, could be observed, its distance from the 
earth was not known. Hence, when Kepler attempted 
to determine the orbit of a planet, he combined the 
observed geocentric places with successive modifications 
of the theory of epicycles, till at last he waa led, by 
one step after another, to change the epicyclical into 
the elliptical theory. We may observe, moreover, that 
at every step he endeavoured to support his new sup- 
positions by what he called, in his fanciful phraseology, 
'sending into the field a reaei-ve of new physical rea- 
sonings on the rout and dispersion of the veterans:'^ 
that is, by connecting his astronomical hypotheses with 



B I will insen this passage, i 
■peclmen of Kepler's l^eifUl in< 
or DUTSting tliB defeats which 
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Haw imaginatiacs, when tbe old ones became untenable. 
We find, indeed, that this ia the spirit in which tlie 
pursuit of knowledge is generally carried va with 
BuccesB : those men anive at truth who eagerly endea- 
vour to connect remote points of their knowledge, not 
those who stop cautiously at each point till somethiiig 
oompela them to go beyond it. 

Kepler joined Tycho Brabe at Prague in 1600, and 
found him and Longomontanus busily employed in 
correcting the theory of Mars; and he also then 
entered upon that train of researches which he pub- 
lished in 1609 inbis extraordinary work Onihe Jfotuml 
of Mars. In this work, as in others, he gives an 
account, not only of hia success, but of bis failures, 
explaining, at length, the various suppositions vMcll 
he had made, the notions by which he had been led to 
invent or to entertain them, the processes by which ho 
had proved their falsehood, and the alternations of hope 
and son-ow, of vexation and triumph, through which 
he had gone. It will not be necessary for uh to cita 
many passages of these kinds, curious and amusing as 

One of the most important truths contained in the 
motions of Mars is the discovery that the plane of the 
oriiit of the planet should be considered with reference 
to the sun itself, instead of referring it to any of the 
other centers of motion which the eccentric hypotheBJB 
introduced; and that, when so considered, it had none 
of the librations which Ptolemy and Copernicus had 
attributed to it. The fourteenth chapter of the second 
part asaei-ts, 'Plana eccentricormn esse draXan^i ;' 
that the planes are unlibrating ; retaining a1wa3rB the 
same inclination to the ecHptic, and the same line of 
nodes. With this step K.epler appears to have been 
justly delighted. ' Copernicus,' he says, ' not knowing 
the value of what he possessed (his system), undertook to 



llbna anla conjungeret meqne In baa, BubmisUaem, ot qua >e tap. 
dvsperattoncin adigtret : ntei rap- tiruB praripniEHl, unuil diligeutlSi 
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j represent Ptolemy, rather than Nature, to which, how- 
ever, he had approached more nearly than any other 
person. For beiug rejoiced that the quantity of the 
latitude of each planet was increased by the approach 
of the earth to the planet, according to his theory, he 
did not venture to reject the rest of Ptolemy's increase 
of latitude, but in order to express it, devised Uhrations 

, of the planes of the eccentric, depending not upon its 
■own eccentric, but (most improbably) upon the orbit 
of the earth, which has nothing to do with it. I 
always fought against this impertinent tying together 
of two orbits, even before I saw the observations of 
Tyoho; and I therefore rejoice much that in this, as in 
others of my preconceived opinions, the observations 
were found to be on my side,' Kepler established his 
point by a fair and laborious calculation of the results 
of observations of Mars made by himself and Tycho 
Brahe; and had a right to exnlt when the result of 
these calculations confirmed his views of the symmetry 
and simplicity of nature. 

We may judge of the difficulty of casting off the 
theory of eccentrics and epicycles, by recollecting that 
Copernicus did not do it at all, and that Kepler only 

i did it after repeated strugglesj the history of which 
occupies thirty-nine Chapters of his book. At the end 
of them, he says, ' This prolix disputation was necessary, 

' in order to prepare the way to the natural form of the 
equations, of which I am now to treat.^ My first 
errour was, that the path of a planet is a perfect circle ; 
— an opinion which was a more misahievous thief of 
my time, in propoiiioQ as it was supported by the 

, authority of all philosophers, and apparently agreeable 
to metaphysics.' Eut before he attempts to correct 
this erroneous part of his hypothesis, he sets about 
discovering the law according to which the different 
parts of the orbit are described in the case of the Earth, 
in which case the eccentricity is so small that the effect 

j of the oval form is insensible. The residt of this inquiry 

I waa^ the Kule, that the time of describing any are of 

i —1 1 
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the orbit is proportional to the area intercepted between 
the curve and two lines drawn from the sun to liie 
extremitiea of the arc. It is to be observed that this 
rule, at first, though it had the recommendation of being 
selected aftei- the unavoidable abandonment of many, 
which were aiiggeated by the notions of those times, was 
fer from being adopted upon any very rigid or cautiona 
grounds. A nile bad been proved at the apsides of the 
orbit, by calculation from observations, and had thm 
been extended by conjecture to other parts of the orbit ; 
and the rule of the areas was only an approximate and 
inaccurate mode of representing this rule, employed for 
the purpose of brevity and convenience, in consequence 
of the difficulty of applying, geometrically, that which 
Kepler now conceived to be the tnie rule, and which 
required him to find the sum of the lines drawn from 
the sun to »i'ery point of the orbit. When lie pro- 
ceeded to apply this rule to Mars, in whose orbit tie 
oval form is much more marked, additional difficulties 
came in his way ; an d here again the true suppoaitjon, 
that the oval is of that special kind called ellipse, was 
adopted at first only in order to simplify calculation,* 
and the deviation from exactness in tlie result was 
attributed to the inaccuracy of those approxhxiate 
processes. The supposition of the oval bad atready 
been forced upon Purbach in the case of Mercury, and 
upon Reinhold in the case of the Moon. The center 
of the epicycle was made to describe an egg-sbaped 
figure in the former case, and a lenticular figure in iJia 
latter.io 

It may serve to show the kind of labour by whieli 
Kepler was led to his result, if we here enume- 
rate, as he does in his forty-seventh Chapter,^* six 
hypotheses, on which he calculated the longitude of 
Mars,inorderto8eewhieh beat agreed with observation. 

r. The simple eccentricity, 

2. The bisection of the eccentricity, and the dupli- 
cation of the superior part of the equation. 

'■HeSfeHdafnrfiJ.W.o. «. '" L. C K. Ktpler, p. Jo. 
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3. The bisection of the eccentricity, and a stationary 
-point of equations, after the manner of Ptolemy. 

4. The vicarious hypothesis by a free section of the 
eccentricity made to agree as nearly as possible with 
the truth. 

5. The physical hypothesis on the supposition of & 
I perfect circle. 

6. The physioal hypotheais on the aiapposition of ft 
perfect elhpsft 

By the physical hypothesis, he meant the doctrine 
that the time of a planet's describing any part of its 
orbit is proportional to the distance of the planet from 
the San, for which supposition, as we have said, he 
(wnceived that he had assigned physical reasons. 

The two last hypotheses came the nearest to the 
truth, and differed from it only by about eight minutes, 
the one in excess and the other in defect. And, after 
being much perplexed by this remaining erronr, it at 
last occurred k) him" that he might take another 
ellipsis, exactly intermediate between the former one 
and the circle, and that this must give the jiath and 
I the motion of the planet Making this assumption, 
^ and taking the areas to represent the times, he now 

IRaw^3 that both the longitude and the distances of 
Mars would agree with observation to the requisite 
degree of accuracy. The rectification of the former 
hypothesis, when thus stated, may, perhaps, appear 
obvious. And Kepler informs us that he had nearly 
I been anticipated in this step. (c. 55.) ' David Fabricius, 
: to whom I had communicated my hypothesis of 
] <^P- 45i "as able, by his observations, to show that 
it erred in making the distances too short at mean 
!| longitudes; of which he informed me by letter while 
jl I was labouring, by repeated efforts, to discover the 
i true hypotheais. So nearly did he get the start of me 
] in detecting the truth.' But this was less easy than 
I it might seem. When Kepler's first hypothesis was 
I enveloped in the complex construction requisite in 
! order to apply it to each point of the orbit, it was far 
I ___ . . — . 

L 
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mora difficult to Boe wiere the errour lay, and Kepler 
hit upon it only by noticing the coincidences of cei 
numbers, which, as he aays, raised him as if from sleep, 
and gave him a new light. We may observe, also, 
that he was perplesed to reconcile this new Tiew, 
according to which the planet described an exact ellipea, 
with hia forater opinion, which represented the motioa 
by means of libration in an epicycle. ' This,' he aay^ 
'was my greatest trouble, that, though I considered 
and reflected till 1 was almost mad, 1 could not find 
why the planet to which, with so much probability, 
and with such an esact accordance of the distancefl, 
libration in the diameter of the epicycle was attributed, 
should, a<»iording to the indication of the equations, go 
in an elliptical path. "What an absurdity on my part ! 
as if libration in the diameter might not be a way b 
the ellipse 1' 

Another scruple respecting this theory arose froni 
the impossibility of solving, by any geometrical con- 
struction, the problem to which Kepler was thus led, 
namely, 'To divide the area of a semicircle in a given 
ratio, by a line drawn from any point of the diameter.' 
This is stiD termed ' Kepler's Problem,' and ia, in fac^ 
incapable of esact geometrical solution. As, however, 
the calculation can be performed, and, indeed, was per-- 
formed by Kepler himself, with a suf&cient degree of 
accuracy to show that the elliptical hypothesis is tme^' 
the insolubility of this problem is a mere mathematicat 
difficulty iti the deductive process, to which KeplerV 
induction gave rise. 

Of Kepler's physical reasonings we shall speak i 
at length on another occasion. His numerous and 
fanciful hypotheses had discharged their office, whcab 
they had suggested to him his many lines of taboriooa 
calculation, and encouraged him under the exertion 
and disajtpotntments to which these led. The resul 
of this work whs the forma! laws of the moticm 
Mars, established by a clear induction, since they rft? 
presented, with sufitcient accuracy, the best observatioiiL 
And we may aWow V\ia.\i "K-e^W tiaa entitled to th» 
praise wtich he dvaios wi ft.\e ijkAX,^! cro V-a. %<?*i^ 
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Kamus had said that if any one would construct an 
astronomy without hypothesis he would be ready to 
resign to him his professorship in the University of Paris. 
Xepler quotes this passage, and adds, ' it is well, Eamus, 
that you have run from this pledge, by quitting life and 
your professorship;^* if you held it still, I should, with 
justice, claim it.' This was not saying too much, since 
he had entirely overturned the hypothesis of eccentrics 
and epicycles, and had obtained a theory which waa a 
mere representation of the motions and distances as 
they were observed. 

^* Bamus perished in the Massacre of St. Bartholomew. 



CHAPTER V. 

Sequel to the Epoch of Kepler. Reception, 

VERinCATIOK, AND EXTENSION OP THE EluPTICAL 

Theoby. 



Sect. 1. — Application of the EUipliccU Theory to the 
Planets. 

THE extension of Kepler's diacoveriea eonceming 
the orbit of Mars to the other planets, obviously 
offered itself aa a strong probability, and was confirmed 
by trial. This was made in the first place npon the 
orbit of Mercury ; which planet, in consequence of the 
largeness of its eccentricity, eshibita more clearly than 
the others the circumstances of the elliptical motioo. 
These and various other supplementary portions of the 
views to which Kepler's discoveries had led, appeared 
in the latter part of his Epitome AatronomitB Coper- 
nicarue, published la 1633. 

The real verification of the new doctrine concerning 
the orbits and motions of the heavenly bodies was, of. 
course, to be found in the construction of tables of thoU' 
motions, and in the continued comparison of Buok 
tables with observation. Kepler's discoveries hadbeeiLi 
founded, aa we have seen, principally on Tycho's obser- 
vations. LongomontanuB (so called as being a native 
of Langberg in Denmark), published in 1621, in hi»- 
Astronomia Daniea, tables foimded upon the tbeorieB 
as well as the observations of his countryman. Kepler* 
in 1627 published his tables of the planets, which ha 
called Hudolphine Tables, the result and application ofj 
his own theory. In 1633, Laneberg, a Belgian, pub* 
lished also Tal)wl(x PerpetTus, a work which was uahere^i 
into the world with considerable pomp and pretenBirain 
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and in which the author cavils very keenly at Kepler 
and Erahe. We may judge of the impression made 
upon the astronomical world in general by these iiTal 
works, from the account which our countryman Jeremy 
Horrox has given of their eHect on him. He had 
been seduced by the magnificent promises of Lansberg, 
and the praises of his admirers, which are prefi:xed to 
the work, and was persuaded that the common opinion, 
■which preferred Tycho and Kepler to liim was a pre- 
judice. In 1636, however, he became acquainted with 
Crabtree, another young astronomer, who lived in the 
same part of Lancashire. By him Horros was warned 
that Lanaberg was not to be depended on ; that his 
hypotheses were vicious, and his observations falsified 
or farced into agreement with his theories. He then 
read the works and adopted the opinions of Kepler; 
and after some hesitation which he felt at the thought 
of attacking the object of his former idolatry, be wrote 
a dissertation on the points of difierence between them. 
It appeal's that, at one time, he intended to offer him- 
BeK as the umpire who was to adjudge the prize of 
excellence among the three rival theories of Longomon- 
tanuB, Kepler, and Lansberg; and, in allusion to the 
story of ancient mythology, his work was to have been 
called faris Astranomicus ; we easily see that he would 
have given the golden apple to the Keplerian goddess. 
Succeeding observations confirmed his judgment; and 
the Jiwdolphine Tahiti, thua published seventy-six 
years after the Prutenic, which were founded on the 
doctrines of Copernicus, were for a long time those 
universally used. 



The reduction of the Moon's motions to rule was a 
Larder task than the formation of planetary tables, if 
accuracy was required; for the Moon's motion is affected 
by an incredible number of different and complex 
inequalities, which, till their law is detected, appear to 
defy all theory. Still, however, progress was made in 
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this work. The most important advances were due to 
Tycho Brahe. In addition to the fii-st and second 
inequalities of the moon (the Equation of the Center, 
known very early, and the Ejection which Ptolemy 
Bad discovered), Tycho proved that there waa ajiother 
inequality, which he termed the Vanalion,^ which 
depended on the moon's position with respect to the 
sun, and which at its luaximum was forty minutes and 
a half, about a quart«r of the evection. He also 
perceived, though not very distinctly, the uecessily of 
another correction of the moon's place depending on 
the Bun's longitude, which has since been termed the 
Annual Equation. 

These steps concerned the Longitude of the Moon; 
Tycho also made important advances in the knowledge 
of the Latitude. The Inclination of the Orbit had 
hitherto been assumed to he the same at all times ; and 
the motion of the Node had been supposed uniform. 
He found that the inclination increased and diminished 
by twenty minutes, according to the position of the 
line of nodes; and that the nodes, though they regress 
upon the wkole, sometimes go forwards and sometunes 
go backwards. 

Tycho'a discoveries concerning the moon are given 
in his Progyvwwismata, which was published in 1603, 
two years after the author's death. He represents the 
Moon's motion in longitude by means of certain com- 
binations of epicycles and eccentrics. But after Kepler 
had shown that such devices are to be banished from 
the planetary system, it was impossible not to think of 
extending the elliptical theory to the moon. Horrox 
succeeded in doing thiaj and in 1638 sent this essay 
to his friend Crabtree. It was published in 1673, with 
the numerical elements requisite for its application 
added by Flamsteed. Flamsteed had also (in 1671 
and a) compared this theory with observation, and 
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fbond that it agreed far more nearly than the Philolaie 
Tahki of Bullirtldus, or the Carolinian Tables of Street 
{EpUogue ad Tabtdaa). Moreover Horrox, by making 
the center of the ellifiae revolve in an epicycle, gave an. 
explanation of the evection, as well as of the equation 
of the center.^ 

Modern astronomers, by calculating the effects of 
the perturbing forces of the solar system, and com- 
paring their calculations with observation, have added 
m&ny new corrections or equations to those known at 
the time of Horrox; and since the Motions of the 
heavenly bodies were even then affected by these 
Tariations as yet undetected, it is clear tliat the Tables 
of that time must have shown some errours when 
compared with observation. These errours much per- 
plexed astronomers, and naturally gave rise to the 
question whether the motions of the heavenly bodies 
really were exactly regular, or whether they were not 
affeoted by accidents as little reducible to rule as wind 
and weather. Kepler had held the opinion of the 
easuaiUy of such errours; but Horrox, far more philo- 
Bophically, argues against this opiniou, though he 
allows that he is much embarrassed by the deviations. 
His arguments show a singularly clear and strong 
apprehension of the features of the case, and their real 
import. He aays,* ' these errours of the tables are 
alternately in excess and defect; how could this 
constant compensation happen if they were casuaH 
Moreover, the alternation from excess to defect is 
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most rapid in the Moon, most slow in Jupitei 
Saturn, in whicK pUneta the errour continue some- 
times for years. If the eirours were casual, wliy 
should they not last as long in the Moon as in Saturn ) 
Bat if we suppose th^ tables to be right in the mesa 
motions, hut wrong in the equations, these facts are 
just what must happen ; since Saturn's inequalities ara 
of long period, while those of the Moon are numeroua, 
and rapidly changing.' It would be impossible, at the 
present moment, to reason better on thia subject; and 
the doctrine, that all the apparent irregularities of the 
celestial motions are really regular, waa on© of great 
consequence to establbh at this period of the science. 

Sect. 3. — Causes 0/ the Jurtber Froffresg of Aslronomy. 

We are now arrived at the time when tbeoiy aci 
observation sprang forwards with emidous energy, 
The physical theories of Kepler, and the reaaoniuga of 
other defenders of the Copemiean theory, led ine- 
vitably, after some vagueness and perplexity, to ft 
sound science of Mechanics ; and this science in time 
gave a new fece to Astronomy. But in the mean 
time, while mechanical mathematicians were gene» 
raliziug from the astronomy already established, astro* 
nomers were accumulating new facts, which pointed 
the way to new theories and new generalisatioiia.. 
Copernicus, while he had established the permanenfe 
length of the year, had confirmed the motion of th« ' 
sun's apogee, and had shown that the eccentricity o^ 
the earth's orbit, and the obliquity of the ecliptia, 
were gradually, tliough slowly, diminishing, Tycho 
had accumulated a store of excellent observation^. 
These, as well as the laws of the motions of the mooa 
and planets already explained, were materials on which 
the Mechanics of the Universe was afterwards to 
employ its most matured powers. In the mean time^. 
the telescope had opened other new subjecte of notion 
and speculation ; not only confirming the Copemiean,'' 
doctrine by the phases of Yeuus, and the analogic!^ ! 
examples of iu^itw Kai ^jbXmtq., -«\i!ii. -^iili. theii; 
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Satellites appeared like models of the SoJar System ; 
but disclosing unexpected objecta, as the Ring of 
Saturn, and the Spots of the Sun. The art of observing 
made rapid advaucea, both by the use of the telescope, 
and by the sounder notions of the conBtruction of 
instruments which Tyoho introduced, Copernicus had 
laughed at Kheticus, when he was disturbed about 
single minutes J and declared that if he could be sure 
to tea minutes of s]mce, he should be as much delighted 
as Pythagoras was when he discovered the property of 
the right-angled triangle. But Kepler founded the 
revolution which he introduced on a quantity less 
than this. ' Since,' he says,* ' the Divine GoodneM has 
given us in Tycho an observer so exact that thia 
errour of eiglit minutes is impossible, we must be 
thankful to God for this, and turn it to account. And 
these eight minutes, which we must not neglect, will, 
of themselves, enable us to reconstruct the whole of 
asti-onomy.' In addition to other improvements, the 
art of numerical calculation made an inestimable 
advance bymeansof Napier's invention of Logarithms; 
and the progress of other parts of |iure mathematics 
was proportional to the calls which astronomy and 
physics made upon them. 

The exactness which observation had attained enabled 
astronomers both to verify and improve the existing 
theories, and to study the yet unsystematized facts. 
The science was, therefore, forced along by a strong 
impulse on all sides, and its career assumed a now cha- 
racter. Up to this point, the history of European 
Astronomy was only the sequel of the history of Greek 
Astronomy : for tbe heliocentric system, as we have 
seen, had had a place among the guesses, at least, of 
the inventive and acute intellects of the Greek phi- 
losophers. But the discovery of Kepler's Laws, ac- 
companied, as from the first they were, with a con- 
viction that tbe relations thus brought to light were 
the effects and exponeuta of physical causes, led 
rapidly and irresistibly to the Mechanical Science of 

• De SltlU atartit, c. i9. 



J 



338 HISTORY OF FORMAL Ai 

tlie skies, and collaterally, to the Mechanical Science 
of tke other parts of Nature ; Sound and Light and 
Heat; and Magnetism, and Electridtj, and Chemistty. 
The history of these Sciences, thus treated, forms the 
sequel of the present work, and will be the subject of 
the sucoeeding volumes. And since, as I have said, 
our main object in this ■work is to deduce, from ths 
histoty of science, the philoBophy of scientific discovery, 
it may be regarded as fortunate for our purpose that 
the histnt'y, i^er this point, so far changes its aspect 
Bs to oSer new materials for such speculationa The 
details of a history of astronomy, such as the history 
of astronomy since Newtoa has been, though interest- 
ing to the special lovers of that science, would be too 
technical, and the features of the narrative too mono- 
tonous and unimpressive, to interest the genenj 
reader, or to suggest a comprehensive philosophy of 
science. But when we pass from the Ideas of Spaoa 
and Time Ui the Ideas of Force and Matter, of 
Mediums by which action and sensation are produced, 
and of the Intimate Constitution of material bodies 
we have new fields of inquiry opened to us. And 
when we find that in these fields, as well as in astro- 
nomy, there are large and striking trains of unques- 
tioned discovery to be nan-ated, we may gird ourselvea 
afresh to the task of writing, and I hope, of reading 
the remaining part of the History of the luductivo 
Sciences, in the trust that it will in some measure help 
ua to answer the important questions. What is TruthI 
and How is it to be discoveradf 
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INTRODUCTION. 

THERE ia a difficiilty in writing for popular i-eaders 
a Histoiy of the loductive Sciences, arising from 
IMb;— that the sympatliy of such readei-a goes most 
readily and naturally along the course which leads to 
felse science and to failure. Men, in the outset of their 
attetnpta at knowledge, are prone to rush from a few 
hasty observations of facts to some wide and compre- 
hensive principles; and then, to fi-ame a system on 
these principles. Thia is the opposite of the method 
by which the Sciences have really and historically been 
conducted ; nantely, the method of a gradual and 
cautious ascent from observation to principles of 
limited generality, and from them to others more 
general. This latter, the true Scientific Method, is 
Induction, and has led to the Indwelive Sciences. The 
other, the spontaneous and delusive course, has been 
termed by Francis Bacon, who fir^t clearly pointed out 
the distinction, and warned men of the errour, Anlicipa- 
lion. The hopelessness of this course is the great 
lesson of hia philosophy ; hut by this courae proceeded 
all the earlier attempts of the Greek philosophers to 
obtain a knowledge of the Universe. 

Laborious observation, narrow and modest inference, 
caution, slow and gradual advance, limited knowledge, 
are all unwelcome eSbrts and restraints to the mind of 
man, when his speculative spirit is once roused: yet 
these are the necessary conditions of all advance in the 
Inductive Sciences. Hence, as I have said, it is diffi- 
cult to win the sympathy of popular readers to the true 
history of these acieoces. The career of bold systems 
and fanciful pretences of knowledge is more entertain- 
ing and strikiag. Not only so, but the bold g-wsaea 
and faacifal reasonings of men unctiectei ^I'j io"^''- «^ 
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fear of failure are often presented as the dictates of 
CommpnSenae; — as the plain, unsophisticated, unforced, . 
resson of man, acting according to no artificial roles, 
but following its own natural coursa Such Common 
Sense, while it complacently piumes itself on its clear- 
sightedness in rejecting arbitrary systems of others, is 
no lees arbitrary in its own arguments, and often no leaa 
fanciful in its iuTentions, than those whom it condemns. 

We cannot take a better representative of the Oommon 
Sense of the ancient Greeks than Socrates : ajid we fi 
that his Common Sense, judging with such admirable 
sagacity and acuteuess respecting moral and practical 
matters, offered, when he applied it to physical questions, 
examples of the imconscious aasumptions and fanciinl 
reasonings which, as we have said, Common Sense o 
such subjects commonly involves. 

Socrates, Xenophon tells us {Memorabilia, iv. 7), ri 
commended his friends not to study astronomy, 30 • 
to pursue it into scientitio details. This was practical 
advice ; but he proceeded further to speak of the 
palpable mistakes made by those who had carried sncli 
studies farthest. Anaxagoraa, for instance, he said, 
held that the Sun wasaFire; — he did not consider that 
men can look at a fire, but they cannot look at tha • 
Sun ; they become dark by the Sun shining upon. 
them, but not so by the lire. He did not consider that 
no plants can grow well except they have sunshine, . 
but if they are exposed to the fire they are spoiled. 
Again, when he said that the Sun was a stone red-hol^ 
he did not consider that a stone heated by the fire is 
not luminous, and soon cools, but the Sun is always ' 
luminous and always hot. 

We may easily conceive how a disciple of Anaxagora« 
would reply to these arguments. He woiild say, for 
example, as we should probably say at present, that if 
there were a mass of matter so large and so hot aa 
Anaxagoras supposed the Sun to be, its light might ba- 
as great and its heat aa permanent as the heat and.' 
light of the Sun are, as yet, known to be. In this case < 
the argumenta ot SootaVea aie a.\, aii^ taSa "oa Wtter than 
the doctrine oi A»axsi^oTaa. 




The Platonic Doctrine of Ideas. 

IN speaking of the Foundation of the Greek School 
Philosophy, I have referred to the Dialogue entitled 
Parmenides, commonly ascribed to Plato. And the doc- 
trinee ascribed to Parmenides, in that and in other works 
of ancient anthora, are certainly remarkable examples 
of the tendency which prevailed among the Greeks to 
rush at once to the highest generalizations of which 
the human mind ia capable. The distinctive dogma 
of the Eleatic School, of which Parmenides was one of 
the moat illustriouB teachers, was that All Things are 
One. This indeed was rather a doctrine of meta- 
phyaical theology than of physical science. It tended 
to, or agreed with, the doctrine that All thinga are 
God; — the doctrine commonly called Pantheism^ But 
the tenet of the Platoniata which was commonly pnt 
in opposition to this, that we mnst seek The Oite in 
the Many, had a bearing upon physical science ; at 
least, if we interpret it, as it is generally interpreted, 
that we must seek the one Law which pervades a mul- 
tiplicity of Phenomena. We may however take the 
liberty of remarking, that to speak of a Rule, which ia 
exemplified in many caaea, as being ' the One in the 
Many,' (a way of speaking by which we put out of 
sight the consideration what very different kinds of 
tbiaga lAe One and tlie Many are,^ ia a "caoia oi e*.- 
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presaion which, makes a very Kimple matter look 
myHterious; and is another example of the tendencj 
which nrges speculative men to aim at metaphjaical 
generality rather than scientific truth. 

The Dialogae Parraenideg ia, as I have said, 
monly referred to Plato. Yet it is entirely different 
in substance, manner, and tendency from the most 
characteristic of the Platonic Dialogues. In theae, 
Socrates ia I'epreseiited as finally successful in refuting 
or routing his adyersariea, however confident their 
tone and however popular their assertions. They are 
angered or humhled ; he retains his good temper and 
his air of superiority, and when they are exhausted, 
he Kums up in his own way. 

In the Parmenifleg, on the contrary, everything is 
the reverse of this. Farmenides and Zeno exchange 
good-hnmoured smiles at Socrates's criticism, when the 
hjratauders expect them to grow angry. They listen, 
to Socrates while he propounds Plato's doctrine of 
Ideas ; and reply to him with solid arguments which 
he does not answer, and which have never yet been 
answered. Parmenides, in a patronizing way, lets him. 
off; and having done this, being much entreated, he 
pronounces a discourse concerning the One and the 
Many ; which, obscure as it may seem to us, wafi 
obviously intended to bo irrefutable : and during the 
whole of this part of the Dialogue, the friend of Socrates 
appears only as a passive respondent, saying Tea or 
JV^o as the assertions of Parmenides require Lim to 
do; just in the same way in which the opponents of 
Socrates are represented in other Dialogues. 

These circumstances, to which other historical diffi- 
culties might be added, seem to show plainly that the 
Parmenitles must be regarded as an Eleatic, not as a 
Platonic Dialogue ; — as composed to confute, not to 
assert, the Platonic doctrine of Ideas. 

The Platonic doctrine of Ideas has an important 
bearing upon the philosophy of Science ; and was sug- 
gested in a great measure by the progress which the 
Greeks had really made in Geometry, Astronomy, and 
other Sciences", aslaWi^aB-wtete. eaies.-i« 
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This doctrine has been recommended in onr own time,i 
as containing ' a mighty siibatauce of imperishable 
truth.' It ciinnot fail to be interesting to see in wliat 
manner tbe doctrine is presented by those who thus 
judge of it. The foUowing is the statement of its 
leading features which they give ua. 

Man's soul is made to contain not merely a consist- 
ent scheme of its on^n notions, but a direct apprehen- 
aion of real and eternal laws beyond it. These real 
and eternal laws are things intelligible, and not things 
sensible. These laws, impressed upon creation by 
its Creator, and apprehended by man, are something 
equally distinct from the Creator and from man; and 
the whole mass of them may be termed the World of 
Things purely Intelligible, 

Further; there are qualities in the Supreme and 
Ultimate Cause of all, which are manifested in his 
creation, and not merely manifested, but in a manner 
— after being brought out of his super-essential 
nature into the stage of being which ia below him, 
but next to him — *re then, by the causative act of 
creation, depoaited in things, differencing them one 
from the other, so that the things participate of them 
(^Tf'x'""''')' communicate with them {Koivuivotmt). 

The Intelligence of man, excited to reflection by 
the imprBssions of these objects, thus (though thera- 
selves transitory) participant of a divine quality, may 
rise to higher conceptions of the perfections thus 
faintly exhibited ; and inasmuch as the perfections are 
unquestionably real existences, and knoAvn to be such in 
the very act of contemplation, this may be regarded as 
a distinct intellectual apprehension of them; — a union 
of the Reason with the Ideas in that sphere of being 
which is common to both. 

Finally, the Reason, in proportion as it learns to 
contemplate the Perfect and Eternal, desires the enjoy- 
ment of such contemplations in a more consummate 
degree, and cannot be fully satisfied except in the 
actual fruition of the Perfect itself. 
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These propoeitions taken together constitute the 
Theory of Ideas. When we have to treat of the 
Philosophy of Science, it may te worth our while to 
resume the conaideration of this subject 

In this part of the History, the Timceus of Plato n 
referred to as an example of the loose notions of the 
Greek philosophers in their physical reasonings. And 
undoubtedly this Dialogue does remarkably exempliiy 
the boldness of the early Greek attempts at generaliza- 
tion on such Bubjeuts. Yet in this and in other parts 
the writings of Plato contain speculations which may 
be regarded as containing germs o( true physical 
science; inasmuch as they assume that the phenomena 
of the world are governed by mathematical laws; — by 
relations of space and number; — and endeavour, too 
boldly, no doubt, but not vaguely or loosely, to assign 
those laws. The Platonic writings offer, in this way, 
BO much that forms a Prelude to the Astronomy and 
other Physical Sciences of the Greeks, that they wUl 
deserve our notice, as supplying materials for the next 
two Books of the History, in which these subjecta are 
treated of. 



CHAPTKR III. 

Failube of the Greek Physical Philosophy, 

Franda Bacon's Memarks. 

THOUGH we do not accept, as authority, even the 
judgments of Francis Sacon, and shall have to 
estimate the strong and the weak parts of his, no less 
than of other philosophies, we shall find his remarks 
on the Greek philosophers very inatruotive. Thus he 
Bays of Aristotle, {Nov. Org. i. Aph. Ixiii,) : — 

' He is an example of the kind of philosophy in 
which much is made out of little; so that the Iwsis of 
experience ia too narrow. Ha corrupted Natural 
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Philosophy by his liOgic, and made the world out of 

his Categories. He disposed of the diatinction of denaa 

and rare, by whioh bodiea occupy more or leas dimeu- 

apaoe, by the frigid diatinction. of act and 

jpowtr. He assigned to each kind of body a single 

piMper motion, bo that if they have any other motion 

they must receive it from some extraneous source; 

amd imposed many other avbitniry rules upon Nature; 

keing everywhei'e more careful how oue may give a 

ready answer, and make a positive assertion, than how 

the m&y apprehend the variety of nature. 

f 'And this appears moat evidently by the compariaon 

\ot his philosophy with the other philoaophies which 

' had any vogue in Greece. For the MoJitoiomeria^ of 

I Anaxagoras, the Atoms of Leucippus and Democritus, 

the Heaven and E^rth of Parmenides, the Love and 

I Hate of Empedocles, the Fire of Heraclitus, had some 

trace of the thoughts of a natural philosopher; some 

savour of experience, and nature, and bodily things; 

while the Physics of Aristotle, in genei-al, sound only 

of Logical Terms. 

'Nor let any one be moved by this; that in hia 
I books Of Animale, and in his Problems, and in others 
of his tracts, there is often a quoting of experiments. 
I For he had made \vp his mind beforehand ; and did not 
consult experience in order to make right pi'opositions 
and axioms, but when he had settled his system to hia 
■will, he twisted experience round, and made her bend 
to his system ; so that in this way ho is even more 
wrong than his modern followers, the Schoolmen, who 
hare deserted experience altogether.' 

We may note also what Bacon says of the term 
Sophist. (ApJi. Ixxi,) 'The wisdom of the Greeks was 
professorial, and prone to run into disputations : which 
kind is very advei-se to the discovery of Truth. And 
the name of Sophista, which was cast in the way of 
contempt, by thoae who wished to be reckoned philo- 
sopher, upon the old professors of rhetoric, Gorgias, 
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Protagoras, Hipjiiaa, Polua, does, in fact, fit the whole 
race of them, Plato,^ Ariatotle, Zeoo, Epicurus, Tbeo- 
phrastuBj and their succasaors, Chrysippud, CameaJeE, 
and the rest' 

That these two classes of teachers, aa moi'alist*, were 
.not different iu their kind, has been urged by Mr, 
tirote in a. very etriking and amusing nmuiier. But 
Bacon speaks of them hei'e aa physical philosophers; 
iu which character he holds that all of them were 
gophitU, that is, illusory reasoners. 

Aristotle's Account of the Jiainbow. 
To exemplify the state of physical knowledge 
among the Greeks, we may notice briefly Aristotle's 
account of the Rainhow; a phenomenon so striking 
and definite, and so completely explained by tha 
optical science of later times. We shall see that not 
only the explanations there offered were of no value, 
hut that even the ohserration of facts, so common 
and so palpable, was inexact. In his Meteorotogki 
_ (lib. iii. c a) he says, ' The Rjiinbow is never more 
than a semicircle. And at sunset and sunrise, tha 
circle is least, but the arch is greatest; when the sun 
is high, the circle is larger, but the arch is less.' This 
ja erroneous, for the diameter of the circle of which 
the arch of the rainbow forms a part, is always th» 
same, namely 8z°. ' After the autumnal equinox,' hft' 
adds, ' it appears at every hour of the day ; but in the 
summer season, it does not appear about noon.' It it; 
curious that he did not see the reason of this. ThSi 
center of the circle of which the rainhow is part, it: 
always opposite to the sun. And therefore if the i 
more than 41° above the horizon, the center of thi 
bow will he so much below the horizon, that the plaos, 
of the rainhow will be entirely below the horizon. In 

> It iacnriouelhut Uie ■(tempt obliterate ttae distinction at' 
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the latitude of Athens, which is 38°, the equator is 
52° above the horizon, and the rainbow can be visible 
only when the sun is 11** lower than it is at the equi- 
noctial noon. These remarks, however, show a certain 
amount of careful observation ; and so do those which 
Aristotle makes respecting the colours. " Two rainbows 
at most appear : and of these, each has three colour^ ; 
but those in the outer bow are duller; and their order 
opposite to those in the inner. For in the inner bow 
the first and largest arch is red; but in the outer 
bow the smallest arch is red, the nearest to the inner ; 
and the others in order. The colours are red, green, 
and purple, such as painters cannot imitate." It is 
curious to observe how often modem painters disregard 
even the order of the colours, which they could 
imitate, if they attended to it. 

It may serve to show the loose speculation which we 
oppose to science, if we give Aristotle's attempt to 
explain the phenomenon of the Rainbow. It is pro- 
duced, he says (c. iv.), by Reflexion (dyaKXaffig) from a 
cloud opposite to the sun, when the cloud forms into 
drops. And as a reason for the red colour, he says 
that a bright object seen through darkness appears red, 
as the flame through the smoke of a fire of green 
wood. This notion hardly deserves notice; and yet it 
was taken up again by Gbthe in our own time, in his 
speculations concerning colours. 
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Plato's Timceue and Republic 

ALTHOUGH a great portion of the pb^aical apeco- 
lutione of the Greek philosojihers was ftmcitiil, 
aud cODBiated of doctrisea which were rejected in the 
H\ihsec[nent progress of the Inductive Sciences; still 
many of these speculations must bo considered as 
forming a Prelude to more exact knowledge aflerwarda 
attained ; and thus, as really helonging to the Progrees 
of knowledge. These speculatioaa ex[)reS3, as we have 
already said, the conviction that the phenomena of 
nature are governed by laws of apace and number; 
aud commonly, the mathematical lawa which are thuB 
asserted have aome foundation in the facts of nature. 
This is more especially the case in the apeculations <£ 
Plato. It has beenjuatly stated by Professor Thompson. 
(A. Butler's Leeture/i, Third Series, Lect. i. Note 11), 
that it ia Plato's merit to have discovered that the laws 
of the physical universe are resolvable into numerical 
relations, and therefore capable of being represented by 
mathematical formula. Of this truth, it is there said, 
Ariatotle does not betray the slightest consciousness. 

The TtTtuma of Plato contains a scheme of mathe< 
matical and physical doctrines concerning the universe, , 
which make it far more analogous than any work of, 
Aristotle to Treatises which, in modem times, have 
borne the titles of Prindpia, System, of the World, and '■ 
the like. And fortunately the work has recently been^ 
well and carefully studied, with attention, not only to ■ 
the language, but to the doctrines and their bearing 
upon our real knowledge. Stallbaum has published an 
edition of tke X>'\a\ogae, a.tiiVaaiafw^^^'Oae v(^-Ea<;se& 
of Plato witli those oS AivaUiW q-q. ■Ovi«\i£.«. «iJs;^^ 
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Professor Archer Butler of Dublin has devoted to it 
several of Ms striking and eloquent Lectures; and theae 
have been furnished with valuable annotations by 
Professor Thompaon of Cambridge ; and M. The. 
Henri Martin, then Professor at Rennes, published in 
1841 two volumes of Etudes sur le Timee da PbUon, 
in which the bearings of the work on Science are very 
fully discussed. The Dialogue treats not only con- 
cerning the numerical laws of hai'monical sounds, of 
visnal appearances, and of the motiona of planets and 
stars, but also concerning heat, as well as light j and 
concerning water, ice, gold, gems, iron, rust, and other 
natural objects; — concerning odours, tastes, hearing, 
sight, light, colours, and the powers of sense in general : 
— concerning the parts and organs of the body, as the 
bones, the marrow, the brain, the flesh, muscles, ten- 
dons, ligaments, nerves; the skin, the hair, the nails; 
the veins and arteries; respiration; generation; and 
in short every obvious point of physiology. 

But the opinions delivered in the Timceve npon 
these latter subjects have little to do with the progress 
of real knowledge. The doctrines, on the other hand, 
which depend upon geometrioal and arithmetical rela- 
tions, are portiona or preludes of the sciences wliich, 
in the fulness of time, assumed a mathematical form 
for the expression of tnith. 

Among those may be mentioned the arithmetical 
relations of harmonica] sounds, to which I have referred 
in the Histoiy. These occur in various parts of Plato's 
writings. In the TinuBiis, in which the numbers are 
most fuliy given, the meaning of the numbers is, at first 
sight, least obvious. The numbers are given as repre- 
senting the proportion of the parts of the Soul [Tim, 
pp. 35, 36), which does not immediately refer us to 
the relations of Sounds. But in a subsequent part of the 
Dialogue (47, d), we are told that music is a privilege 
of the hearing given on account of Harmony; and that 
Harmony has Cycles corresponding to the movements 
of the Soul; (referringplainly to those already asserted.) 
And the numbers which are thus given by Plato a 
elements oi'hannony, are in a great n: 
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tLose wliicli express the musical relations of the tones 
of the musicul scale at tbis day in use, as M. Henri 
Martin ahowa {Et. but U Tiniee, note xxiiL) The 
jntervala C to D, C to F, C to G, C to C, are expressed 
hy the fractions |, ^, |, ^, and are now called a Tone, a 
Fourth, a Fifth, an Octave. They were expi'essed by the 
same Auctions among the Greeks, and were called 
Tone, Diatessaron, Uiapente, Diapason. The Major 
and Minor Third, and the Major and Minor Sixth, 
were however wanting, it ia conceived, in the musical 
scale of Plata 

The Timnevg contains also a kind of theory of vision 

although the theory ia in this case less mathematical 
and less precise than that of Euclid, referred to 
chap, ii of this Book, 

Une of the most remarkable speculations in < 
Tim^us ia that in which the Regular Solids are 
assigned as the forms of the Elements of which the 
Universe is composed. This curious bi-anch of mathe- 
matics. Solid Geometry, had been pursued with great 
zeal by Plato and his friends, and with remarkable 
success. The five Regular Solids, the Tetrahedron 
or regular Triangular Pyramid, the Cube, the 
Octahedron, the Dodecahedron, and the Icosahedron, 
had been discovered; and the remarkable theorem, 
that of regular aolids tliere can he just so many, these 
and uo others, was known. And in the TtTnceua it is 
aaserted that the particles of the various elements have 
the forms of these solids. Fire haa the Pyramid ; 
Earth haa the Cube ; Water the Octahedron ; Air the 
Icosahedron ; and the Dodecahedron is the plan of the 
Universe itself. It was natural that when Plato had 
leamt that other mathematical properti 
ing upon the constitution of the Universe, he should 
suppose that the singular property of space, which the 
existence of this limited and varied class of solids 
implied, should have some corresponding property in 
the Universe, which exists in space. 

We find afterwards, in Keller and others, a, recur- 
rence to this BuSBiim^tYOii -, atii -wn tq«j %».-^ 
that Cryatallograpbj aVowa -aa tiaaX 'Oti^sis as 
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ties of bodies, of the moat intimat* kind, wliioli im-olve 
Buch spatiaJ relations as art; exliibited iu the Begulor 
Bolida. IfthedistiuctionaofCryatallineSyatem in bodies 
were hei'eafter to be found to depeud upon the chemi- 
cal elements which predominate in their composition, 
the admirers of Plato might point to his doctrine, 
of the different form of the particles of the different 
elements of the Universe, as a, remote Prelude to such 
a discovery. 

But the mathematical doctrines concerning the 
parts and elements of the Universe are put forwards by 
Plato, not so much as assertions concerning physical 
fiicts, of which the truth or falsehood is to be deter- 
mined by a reference to nature herself They are 
rather pro]>ounded as examples of a truth of a higher 
kind than any reference to observation can give or can 
test, and as revelations of principles such as must have 
prevailediu the mind of the Creator of the Universe; or 
else as contemplations by 'which the mind of man is to 
be raised above the region of sense, and brought nearer 
to the Divine Mind- In the Timeeus these doctrines 
appear rather in the former of the two lights ; as an 
exposition of the necesuary scheme of creation, so far 
aa its leading features are concerned. In the seventh 
Book of the Polity, the same doctrines are regarded 
more as a mental di8cij>line; as the necessary study of 
the true philosopher. But in both places these mathe- 
matical propositions are represented as Realities mors 
real than the Phenomena ; — as a Natural Philosophy 
of a higher kind than the study of Nature itself can 
teaoh. This is no doubt an erroneous assumption : 
yet even in this there is a germ of truth ; namely, that 
the mathematical laws, which prevail in the universe, 
involve mathematical truths ; which being demon- 
strative, are of a higher and more cogent kind than 
mere experimental truths. 

Notions, such as these of Plato, respecting a truth 
at which science is to aim, which is of an exact 
and demonstrative kind, and is imperfectly mani- 
fested in the phenomena of nature, may help or 
may mislead inquirers ; they may \w tVft \\o.y;\*» 
and the occaaiou to great di»coveri«a ■, ox \ltte?3 is^*-"^ 
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lead to the aasertion of false anJ the loss of true doc- 
triaea. Plato considers the phenomena ■which nature 
offers to the senses as mere suggeations and nide 
sketches of the objects which the philoaophic mind is 
to contemplate. The heavenly bodies and all the 
splendours of the sky, thongh the most beautifid of 
viaible objects, being only visible objects, are Iki 
inferior to the true objects of which they are the re- 
presentatives. They are merely diagrams wliich may 
assist in the study of the higher truth ■ as we might 
study geometry by the aid of diagrams constructed by 
some consummate artist. Even then, the true object 
about which we reason is the conception which we 
have in the mind. 

We have, I conceive, an instanceof theen-our aswell 
as of the truth, to which such views may lead, in the 
speculations of Plato concerning Harmony, contained 
in that part of his writings (the seventh Book of tho 
Mepublk), in which these views are especially urged.. 
He there, by way of illustrating the superiority of 
philosophical truth over such exactness as the sense* 
can attest, sjieaks slightingly of those who take im- 
e pains in measuring musical notes and intervals 



by the ear, as the astronomers measure the heavenly 
motions by the eye. ' They screw their pegs and pincu 
their striugs, and dispute whether two notes are th« 
same or not.' Now, in truth, the ear is the final ami 
supreme judge whether two notes are the same or nob 
But there is a case in which notes which are nominally 
the same, are different really and to the ear ; and it is 
probably to disputes on this subject, which we know 
did prevail among the Greek musicians, that Plato 
here refers. We may ttcend from a note A, to a noto 
C, by two octaves and a third. We may also ascend 
from the same note A, to C, by fifths four times re- 
peated. But the two notes C, thus arrived at are not 
the same: they differ by a small interval, which the 
Greeks called a Comma, of which the notes are in the 
ratio of 80 to 81. That the ear really detects thi> 
defect of the m\i,Bica.\ co«uivdtTi<ie of the two notea 
under the proper coaivtwitta,, '\a *. ^twS. ^il S}as,'ul\n^ 
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(lence of our muaical perceptions with the mafchematical 
relations of the notes ; and is therefore an experi- 
mental confirmation of the mathematical principles of 
harmony. But it seems to be represented by Plato, 
tliat to look out for such confirmation of mftthematical 
principles, implies a. disposition to lean on. the senses 
which he regards as very unphilosophicaL 

Hero 0/ Alexandria. 

The other hranches of mathematical science which I 
have spoken of in the History aa cultivated by the 
Qreeka, namely Mechanics and Hydrostatics, are not 
treated expressly by Plato ; though we know from 
Aristotle and oUiers that some of the propositions of 
those sciences were known about his time. Machines 
moved not only by weights and springs, but by watei 
and air, were coustructed at an early period. Cteai- 
biuB, who lived probably about B.C. ago, under the 
Ptolemies, is said to have invented a clepsydra or 
water-clock,ftnda hydraulic organ; and to have been the 
first to discover the elastic power of air, and to apply it 
as a, moving power. Of his pupil Hero, the name is 
to this day familiar, through the little pneumatio 
instrument called Hero's Fountain. He also described 
pumps and hydraulic machines of various kinds; and 
an instrument which has been spoken of by some mo- 
dem writers as a steam engine; but which was merely 
a toy made to whirl round by the steam emitted from 
holes in ite arms. Concerning mechanism, besides 
deecrrptiani of AutontatOTig, Hero composed two works: 
the one entitled Mechanics, or Mechanical Inlroduc- 
titmg; the other Bandcoa, the Weighl-lijler. In these 
■works the elementary contrivances by which weights 
may be lifted or drawn were spoken of bb the Five 
Mechanical Powers, the same enumeration of such 
machines which prevails to this day ; namely, the 
Lever, the Wheel and Asle, the Pulley, the Wedge, 
and the Screw. In his Mechanics, it appears that 
Hero reduced all these machines to one single maahitve, 
uamelj- to the lever. In the JJorulcoa, ^eiQ ■^^^v- 



posed ancl solved the problem whioh it was the ^017' 
of Archimedes to have solved : To move any ■weight 
(however large) by any power (however small). Thia, : 
may easily be conceived by any one acquainted with 
the elements of Mechanics, is done by means of a com- 
bination of the mechanical powers, and especiaJly by 
means of a train of toothed-wheels and axles. 

The remaining writings of Hero of Alexandria have 
been the subject of a special, careful, and learned 
examination by M. Th. H. Martin (Paris, 1854), ia 
which the works of this writer. Hero the Ancient, as 
he ia sometimes called, are distinguished from those rf 
another writer of the same name of later date. 

Hero of Alexandria wrote also, as it appears, a trea- 
tise on Pfieumalica, in which he described machine^ 
either useful or amusing, moved by the force of air ami 
vapour. 

He also wrote a work called CatopPrica, which con- 
tained proofs of properties of the rays of reflected light. 

And a treatise On the Dioptra; which subject how- 
ever must be carefully distinguished from the subject 
entitled Dioplriea by the modems. This latter sub- 
ject treats of the properties of re/hiefeii light; a subject 
on which the anciente had little exact knowledge till 
a later period ; as I have shown in the History. The 
Dioptra, as understood by Hero, was an instrument 
for taking angles so as to measure the position and 
hence to determine the distance of inaccessible objecta; 
as is done by the Theodolite in our times. 

M. Martin is of opinion that Hero of Alexandria 
lived at a later period than is generally supposed; 
namely, after b.o. 81, 
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THE mathematical opiniona of Plato respecting the 
pliilosophy of nature, and especially respecting 
what we commonly call ' the heavenly bodies,' the 
Sun, Moon, and Planets, were founded upon the view 
which I have already described ; namely, that it is the 
husinesa of philosophy to aim at a truth higher than 
observation can teach; and to solve problems which 
the phenomena of the universe only suggest. And 
though the students of nature in more recent times 
have leamt that this is too preaumptuoua a notion of 
Luman knowledge, yet the very boldneaa and hopeiiil- 
neag which it involved impelled men in the pursuit of 
truth, with more vigour than a more timorous temper 
could have done; and the belief that there must be, in 
nature, mathematical laws more exact than experience 
could discover, stimulated men often to discover true 
laws, though often also to invent false laws, Plato's 
■writings, supplying examples of both these processes, 
belong to the Prelude of true Astronomy, as well as to 
the errouia of fiklse philosophy. We may lind specimens 
of both kinds in those parts of bis Dialogues to which 
we have referred in the preceding Book of our History. 
To Plato's merits in preparing the way for the 
Theory of Epicycles, I have already referred in 
Chapter ii. of this Book. I conceive that he had a 
great share in that which is an important step in every 
discovery, the proposing distinctly the problem to be 
solved; which was, in this case, as he states it. To 
account for the apparent movements ot t\ie ■Y^WM^&^l■3 
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a combination of two circular motions for eacb: — tie 
motion of identity, and the motion of difference. (^Tim. 
39, A.) In the tenth Book of the Repvhlie, quoted in 
our text, the spindle which Destiny or Necessity holds 
between her knees, and on which are rings, by means 
of which the planets revolve round it as an axis, ia 
a step towards the conception of the problem, as the 
construction of a machine. 

It will not he thought surprising that Plato expect«d 
that Astronomy, when further advanced, would be able 
to render an account of many things for which she has 
not accounted even to this day. Thus, in the passage 
in the seventh Book of the Republic, he says that the 
philosopher requires a reason for the proportion of the 
day to the month, and the month to the year, deeper and 
mors substantial than mere observation can give. Yet 
Astronomy has not yet shown us any reason why tba 
proportion of the times of the earth's rotation on its 
axis, the moon's revolution round the earth, and the 
earth's revolution round the sun, might not have been 
made by the Creator quite different from what they 
are. But in thus asking Mathematical Astronomy 
for reasons which ehe cannot give, Plato was only doing 
■what a great astronomical discoverer, Kepler, did ats 
later period. One of the questions which Keplei 
especially wished to have answered was, why there are 
five planets, and why at such particular distances from. 
the siiul And it is still more curious that he thought: 
he had found the reason of these things, in the relations. 
of those Five Regular Solids which, as we have seen, 
Plato was desirous of introducing into the philosophy 
of the universe. We have Kepler's account of thifl, 
his imaginary discovery, in the Mysteriv/m Coamogrit' 
phicum, published in 1596, a& stated in our Histoiy, 
Book V, Chap. iv. Sect. a. 

Kepler regards the law which thus determines th». 
number and magnitude of the planetary orbits b^ 
means of the five regular solids as a discovery no lew 
■remarkable and certain than the Three Laws which give' 
his name its impemhable place in the history ot 
a.'rtronoiuy. 
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We are not on this account to think that there is no 
rtesdy criterion of the difference between imaginary 
and real discoveries in science. As discovery becomes 
possible by the liberty of guessing, it becomes real by 
allowing observation constantly and authoritatively to 
determine the value of gueasea. Kepler added to 
Plato's boldness of fancy his own patient and candid 
habit of testing his fancies by a rigorous and laborious 
oompariaon with the phenomena; and thus bin dis- 
ooveries led to those of Newton. 



CHAPTER I. 

Earliest Stages of Astronomy. 

T/n Globular Form o/llie Earth. 

THERE are parts of Plato's writings which have 
been adduced as bearing upon the subsequent pro- 
gress of science ; and especially upon the globular form 
of the earth, and the other views which led to the dis- 
covery of America. In the Timaue we read of a great 
continent lying in the Ocean west of the Pillars of 
Hercules, which Plato calls AtlarUig. He makes the 
personage in his Dialogue who speaks of this pnt it 
forwards as an Egyptian tradition. M. H. Martin, 
who has discuaaed what has been written respecting 
the Atlantis of Plato, and has given therein a disser- 
tation rich in erudition and of the most lively interest, 
conceives that Plato's notions on this subject arose 
ftom his combining his conviction of the spherical form 
of the earth, with interpretations of Homer, and per- 
haps with traditions which were current in Egypt 
(Eludes gur le Ttmle, Note xiii. § ix.) He does not 
consider that the belief in Plato's Atlantis had any 
share in the discoveries of Columbus. 

It may perhaps surprise modem readers who have a 
difficulty in getting rid of the persuasion that there " 
a natuml direction umowrds and a natraaV ^lariCvso. 




downwwds, to learn that both. Plato a,ad Ajistotle, 
and of oourae other philosophers also, had completely 
overcome this difficulty. They were quite ready to 
allow and to conceive that dovm meant nothing but 
towards some center, and up, the opposite direction, 
(Aristotle has, hesides, an ingenious notion that while 
heavy bodies, as earth and water, tend to the center, 
and light bodies, as fire, tend from the center, the fifth 
element, of which the heavenly bodies are composed, 
tends to move rovmd the center.) 

Flato explains this in the most decided manner in 
the TimcEUS (62, c). ' It ia quite erroneous to suppose 
that there are two opposite regions in the universe, one 
ohove and the other hdov); ajid that heavy things 
naturally tend to the latter plo^w. The heaveus are 
Biiherical, and everything tends to the center; and 
thus above and helow have no real meaning. If thera 
bo a solid globe in the middle, and if a jierson. walk 
round it, he will become the antipodes to himself, and 
the direction which is up at one time will be down at 
another.' 

The notion of antipodes, the inhabitants of the part 
of the globe of the earth opposite to ouraelvea, waa very 
familiar. Thua in Cicero's Aeadendc Questiema (IL 39) 
one of the speakers says, ' Etiam dicitia esse e regions 
nobis, e contraria parte terrte, qui adversis veatigiis 
staut contra nostra vestigia, quos Antipodas Tocatis,' 
8ee also 7Wc. IHsp. i, 28 and v. 24. 

The Heliocentric System among the Andents. 

Aa the more clearsighted of the ancients had over* 
come the natural prejudice of believing that there is as 
absolute n^ and doion, so had they also overcome the 
natural prejudice of behoving that the earth is at rest 
Cicero says {Acad. Quest, ii. 39), ' Hicetas of Syraona^ 
as Theophrastua tells us, thinks that the heavens, the 
Hun, the moon, the stars, do not move; and that nothiDg 
does move but the earth. The earth revolves about her 
axia with immenae ■weVocA^ ■, mA \)r\« "dys ?a.ioe efect 
is produced as i£ the ea,iAV-NeiiiBA tes.x.ft.iA'Osi.feVfaiu'EQa 
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moved; and this, he says, Plato teaches in the riwMwis, 1 

though somewhat obscurely.' Of course the aasertiou 
that the moou anil planets do not move, was meant of 
the diurnal motion only. The passage referred to in 
the T'lTnceug aeema to be this {40, c} — ' An to the Earth, 
which is our nurse, and which dings lo the axis which 
stretches through the universe, God made her the pro- 
ducer and preserver of day and night.' The word 
Ei'Uo^Ei'iiv, which I have translated clings to, some 
I trwialate revolves; and an extensive controversy has 
prevailed, both in ancient and modem times (b^Lnning 
with. Aristotle), whether Plato did or did not believe 
in the rotation of the earth on her axis. (See H- 
Cousin's Note on the Tinu^tia, and M. Henri Martin's 
I Dissertation, Note sxxvii., in his Etudes sur le Timle.) 
i The result of this discussion seems to be that, in the 
TimcBus, the Earth is supposed to be at rest. It is 
however related by Plutarch {Platonic QuesiioTts, 
I viii i), that Plato in his old age repented of having 
given to the Earth the plaee in the centre of the uni- 
verse which did not belong to it. 
I In desciihing the Prelude to the Epoch of Cojwmicus 

j (Book V. Chap, i.), I have spoken of Philolaus, one of 
I the followers of Pythagoras, who lived at the time of 
Socrates, as having held the doctrine that the earth 
I revolves about the sun. This has been a current 
I opinion ; — so cuiTent, indeed, that the Abb6 Bouillaud, 
or Bullialdus, as we more commonly call him, gave the 
I title of P/dlolaVfS to the defence of Copernicus which 
I he published in 1639; and Chiaramonti, an Aristo- 
I telian, published his answer under the title of Anti- 
1 phUolaiM. In 1 645 BuUialdus published his Astronomia 
I J'hilolaica, which was another exposition of the helio- 
centric doctrine. 

Yet notwithstanding this general belief, it appears 
to be tolerably certain that Philolaus did not hold the 
I doctrine of the earth's motion round the sun. (M. H. 
Martin, Etudes sur le Timie, 1841, Note xxxvii. Sect. 
i. ; and Bceckh, De vera Indole Astronomiw PhUolaicm, 
I 1810.) In the system of Philolaus, the earth revolved 
about the central fire; butthia centiai &« "«aa ant 
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the sun. The Sun, along with the moon and plaueti, 
revolved in cirelea external to the earth. The Earth 
had the Anlichlhon or Cvwnier-Earlh between it and tlie 
center; and revolving round this center in one day, 
the Antichthon, being always between it and the cente", 
was, during a portion of the revolution, interposed 
between the Earth and the Sub, and thus made uigfat; 
■while the Sun, by his proper motion, produced tie 
changes of the year. 

When men were willing to suppose the earth to be 
in motion, in order to account for the recurrence of 
day and night, it is curious that they did not see that 
the revolution of a spherical earth about an axig 
passing through its center was a scheme both simple 
and quite satisfactory. Tet the illumination of a 
globular earth by a distant sun, and the circumstances 
and phenomena thence resulting, appear to have been 
conceived in a very confused manner by many persons. 
Thus Tacitus {Agric. xii.), after stating that he haa 
heard that in the northern part of the island of Britain, 
thenightdisappearain the heightof summer, says, as his 
account of this phenomenon, that 'the extreme parts 
of the earth are low and level, and do not throw their 
shadow upwards; so that the shade of night &lls below 
the sky and the stars.' But, as a tittle consideration 
will show, it is the globular form of the earth, and not 
the level character of the country, which produces this 
effect. 

It is not in any degree probable that Pythagoraa 
tanght that the Earth revolves round the Sun, or that 
it rotates on its own axis. Nor did Plato hold either 
of these motions of the Earth. They got so far as to 
believe in the Spherical Form of the Earth; and this w&a 
apparently such an effurt that the human mind mado 
a pause before going any further. ' It required,' aaya 
M, H. Martin, ' a great struggle for men to fi:«e them- 
selves from the prejudices of the senaes, and to interpret 
their testimany in such a manner as to conceive thft 
sphericity of the earth. It is natural that they 
should have stopped at this ■point, before puti ' 
earth, in motion, ia eyiuie? 
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Some of the espresaions which have been under- J 

stood, aa deacrihlng a. system in which the Sim is the 
e^Uer of motion, do really imply merely the Sun ia the 
muddle term of the series of heavenly bodies which 
revolve roond the earth: the aeries being Moon, 
Mercniy, "Venus, Sun, Mara, Jupiter, Saturn. Thia 
is the case, for instance, in a passage of Cicero's Vision 
qf Scipio, which has been supposed to imply, (aa I 
have stated in the History,) that Slercuiy and Venus 
revolve about the Sun. 

But though the doctrine of the dturual rotation and 
annual revolution of the earth is not the doctrine of 
Pythagoras, or of Philolaus, or of Plato, it was never- 
theless held by some of the philosophers of antiquity. 
The testimony of Archimedes that this doctrine was 
held by his coutemporaiy Ariatarchus of Samoa, is 
unquestionable; and there is no reason to doubt 
Plutarah'a assertion that Seleucus further enforced it. 

It is curious that Copernicus appears not to have 
known anything of the opinions of Aristarchus and 
Seleucus, which were really anticipations of his 
doctrine; and to have derived his notion from passages 
■whicli, as I have been showing, contain no such 
doctrina He says, in his Dedication to Pope Paul 
III., 'I found in Gicero that Nicetas [or Hicetas] 
held that the earth was in motion ; and in Plutarch 
I found that some others had been of that opinion: 
and his words I will transcribe that any one may 
read them: 'Philosophers in general hold that the 
earth ia at rest. But Philolaus the Pythagorean 
teaches that it moves round the central fire in an 
oblique circle, in the same direction as the Sun and 
the Moon. Heraclides of Pontus and Ecphantus the 
Pjrthagorean give the earth a motion, but not a 
motion of translation; they make it revolve like a 
"wheel about its own center from west to ejiat.' ' This 
last opinion was a correct assei'tion of the diurnal 
motion. 
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The Eclipse of TJiaka. 



'The Eclipse of Thales' is ea remarkable a point in 
the history of aatrouomy, and Iiaa been the subject ot 
BO mucii djacuBsion among astronomera, tha,t it ought 
to be more espeoiaily noticed. The original record is 
in the firat Book of Herodotua'a History (chap, IxzIt). 
He says that there was a war between the Lydiana and 
the Medes ; and after various turns of fortune, ' in the 
sixth year a conflict took ■place ; and on the battle 
being joined, it happened that the day suddenly 
became night. And this change, Thaiea of Miletus 
had predicted to them, definitely naming this year, 
in which the event really took place. The Lydiana 
and the Medea, when they saw day turned into night, 
ceased from fightiug ; and both sides were desirous of 
peace.' Probably this prediction was founded apon 
the Chaldean period of eighteen years, of which I 
have spoken in Section 11. It is proliable, as I have 
already said, that this period was discovered by noti- 
oiog the recmremje of eclipses. It is to be observed 
that Thales predicted only the year of the eclipse, not 
the day or the month. In fact, the exact predictioa 
of the circumstances of an eclipse of the sun ia a vety 
difficult problem; much more difficult, it may be 
temaiked, than the prediction of the circumstance of 
an eclipse of the moon. 

Now that the Theory of the Moon is brought so for 
towards completeness, astronomers are able to calcu- 
late backwards the eclipses of the sun which have 
taken place in former times j and the question has 
been much discussed in what year this Eclipse of 
Thales really occurred. The Memoir of Mr. Airy, 
the Astronomer Coyal, on this subject, in the P^i, 
Trans, for 1853, givesanaccount of the modem exami- 
nations of this subject. Mr. Airy starts from the 
assumption that the eclipse must have been one 
decidedly total ; the difference between such a one 
aud an eclipse on.\y ixeaTdj tntsA beln.^ very marked. 
A total eclipae b.\oq6 njss YiteX-j to -^^u&a.^ wq ■^xiso,'^ 
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an effect on the minds of the combatants. Mr. Aiiy 
concludes from bia calculations that tlie eclipse pre- 
dieted by Thales took place KC. 585. 

Ancient eclipses of the I^Ioon and Sun, if thej can be 
identified, are of great value for moilem aatronoray ; 
for in the long interval of between two and tlirea 
thousand years which separates them from our time, 
those of the inerjualitiet, that is, accelerations or re- 
tardations of the Moon's motion, which go on in- 
creasing constantly,' accumulate to a large amount; so 
that the actual time and circumstances of the eclipse 
give astronomers the means of determining what the 
rate of these occelei-atioiis or retardations has been. 
Accordingly Mr. Airy has disousaed, as even more im- 
portant ibaii the eclipse of Thales, an eclipse which 
Diodorus relates to have happened during an expe- 
dition of Agathocles, the ruler of Sicily, and which ia 
hence known as the Eclipse of Agathocles. He deter- 
mines it to have occurred B.C. 310. 

M. H. Martin, in Note ksxvIl to his Eludes gur le 
Timee, discussea among other asti-onomical matters, 
the Eclipse of Thales. He does not a})pear to render 
a very cordial belief to the historical fact of Tbaies 
having delivered the prediction before the event. He 
Bays that even if Thales did make such a prediction 
of an eclipse of the sun, ai he might do, by means of 
the Chaldean period of 18 years, or zaj lunations, he 
would have to take the chance of ite being visible ia 
Greece, about which he could only guess : — that no 
author asserts that Thales, or his sueeesaors Anaxi- 
maader and Anaxagoraa, ever tried their iuck in the 
aame way again ; — that ' en revanche' we are told that 
Anaximander predicted an earthquake, and Anaxa- 
goras the fall of aerolites, which are plainly fabulous 
Btoriea, though aa well attested as the Eclipse of Thales, 
He adds that according to Aristotle, Thales and Anaxi- 
menes were so far from having sound notions of 
cosmography, that they did not even believe in the 
Toimdneaa of the earth. 



tl least for very loug (ei\uda. 
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GENERAL REMARKS. 

IN the twelttli Book of the PhUotopky, in which I 
have given a Review of Opinions on the Nature of 
Knowledge and the method of seeking it, I have given 
aome account of several of the moat important persona 
belonging to the agea now under consideration. I 
have there {vol. iL b.xii, p. 146) spoken of the manner in 
which remarks made by Aristotle came to be accepted 
as fundamental maxims in the Bchocla of the middle 
agea, and of the manner in which they were discussed 
by the greatest of the schoolmen, as Thomaa Aquinas, 
Albertus Magnus, and the like, I have spoken also 
{p. 14.9) of a certain kind of recognition of the derivo' 
tion of our knowledge from experience; as shown in 
Richard of St. Victor, in the twelfth century. I have 
considered (p. 152) the plea of the admirers of those 
ages, that religious authority was not claimed for 
physical science. 

1 have noticed that the rise of Experimental Philo- 
sophy exhibited two features (chap. vii. p. 155), tha 
InsuiTection against Authority, and the Appeal to 
Experience : and as exempli^ing these features, I have | 
spoken of Raymond Lully and of Eoger Bacon. I 
have further noticed the opposition to the prevailing 
Aristotelian dogmatism manifested (chap, viii) by 
Nicolas of Cus, Marailiua Ficinua, Francis Patriciua, 
Picus of Mirandula, Cornelius Agrippa, Theophraatua 
ParacelsuB, Robert Fludd. 1 have gone on to notice the 
Theoretical B*£o^HleTBot§lCvence'^ft^^K^,\^t^|,'Be^rQ■MA\aua _ 
Telesiua, Thomaa Ca.m.'ee.weWa,, K.-vi.fee3a ^iwwilLi^TO-ai^' 
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Peter Eamusj and the Protestant Reformera, as 
Melancthon. After these come the Practical Reformers 
of Science, who have their place in. the subsequent 

I history of Indactive Philosophy ; Leonardo da Vinci, 
and the Heralda of the dawning light of real science, 
■whom Francis Bacon welcomes, as Heralds are accosted 
in. Homer— 

Saiptre KqpurEC Aiof Syfii-oi t)li gal ivSpiSv, 
Hail Heralds, meseengets of Gods and men I 
I have, in the part of the Philosophy referred to, 
discussed the merits and defects of Francis Bacon's 
Mel/iod, and I shall have occasion, in the next Book, 
to speak of his mode of dealing with the positive 
science of hb time. There is room for much more 
reflexion on these subjects, bat the references now 
made may suffice at present. 

W k QUiNAB wrote (besides the Sujnma mentioned 

I j\ in the text) a Commentary on the Physics of 

Aristotle : Commentaria in Arislotdis Libroa PAysi- 

eoTum, Venice, 1492. This work is of course of no 

seientific value ; and the commentary consists of empty 

permutations of atetraot terms, aimilar to those 

which constitute the main substance of the test in 

Aristotle's physical speculations. There is, however, 

an attempt to give a moi'e technical form to the pro- 

I positions and their demonstrationa. As specimens of 

these, I may mention that in Book vi. c. 2, we have a 

demonstration that when bodies move, the time and the 

' jnagnitude (that is, the space described), are divided aimi- 

larly; with mauylike propositions, AQiiti^(«Jt.Vviv. 
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we have such propositiona as this (c. lo): 'Demon- 
stration that a finite mover (movena) cannot move 
anytliing in an infinite tiraa' This is illustrated by a. 
diagram in which two hands are represented as enga^ 
'n moving a whole Rjibere, and one hand in moving a 
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This mode of representing force, in diagrams illus- 
trative of mechanical reaaoniiigs, b<^ human hands 
pushing, pulling, and the like, is stdl employed in ele- 
mentary books. Probably this is the first example of 
such a mode of representation. 

Soger Bacon, 

Th IS \¥ riter, a contemporary of Thomas Aquina-s, exhibits 
to MS a, Idnd of knowledge, sjieoulation, and opinion, 
so different from that of any known person near his 
time, that he deserves especial notice here ; and I shall 
transfer to this place the account which I have given 
of him in the I'hUost^y. I do this the more willingly 
because I r^ard the existence of such a work ae the 
Opua Majut at that period as a problem which has 
never yet been solved. Also I may add, that the 
scheme of the Contents of this work which I have 
given, deserves, as I conceive, more notice than it has 
yet received. 

'Roger Bacon was born in 1314, i^ar Ilchester, in 
Somersetshire, of an old family. In bia youth he was 
a student at Oxford, and made extraordinary progress 
in all branches of learning. He then went to the , 
University of Paris, as was at that time the custom of 
learned Eogiishmen, and there received the d^ree of 
Doctor of Theology, At the persuasion of Bobert 
Groatete, bishop of Lincoln, he entered the brotherhood 
of Franciscans in Oxford, and gave himself up to study 
with extraordinary feiTour. He was termed by lu> 
brother monks Doctor Mirabilia. We know from his 
own works, aa well as from the traditions concerning 
him, that he possessed an intimate acquaintance with 
all the science of liia tvcoe •wliifiVi could be acquired 
from books; and tha\ Ve VsA ta^fe ^siaax-^ tCTsiirft:?-?* 
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advances by means of his own experimental labours. 
He was aoqaainted with Arabic, as well as with the 
other languages common in hia time. In the title of 
hia works, we find the whole range of science and 
philosophy, Mathematics and Mechanics, Optics, Astro- 

' nomy. Geography, Chronology, Chemiatry, Magic, Music, 
Medicine, Grammar, Logic, Metaphysics, Ethics, and 
Theology; and judging from those which are pub- 
lished, these works are full of sound and exact know- 
ledge. He is, with good reason, supposed to have 
discovered, or to have had some knowledge o^ several 
of the most remarkable inventions which were made 
generally known soon afterwards ; as gunpowder, lenses, 
burning specula, telescopes, clocks, the coiTection of the 
calendar, and the explanation of the rainbow. 

' Thus possessing, in the acquirements and habits of 
hia own mind, abundant eitamplea of the nature of 
knowledge and of the process of invention, Roger 
Bacon felt also a deep interest in the growth and 
prc^reBs of science, a spirit of inquiry respecting the 
causes which produced or prevented its advance, and a 
fervent hope and trust in its future destinies; and 

' these feelings impelled him to Bpeculate worthily and 
wisely respecting a Reform of the Method of Philo- 
Hophising. The manuscripts of his works have existed 
for nearly six hundi-ed years in many of the libraries 
of Europe, anil especially in those of England; and for 
a long period the very imperfect portions of them 
which were generally known, left the character and 
attainments of the author shrouded in a kind of 
mysterious obscurity. About a century ago, however, 
bis Opas Majia was published^ by Dr. S. Jebb, princi- 
pally from a manuscript in the library of Trinity 
College, Dublin; and this contained most or all of the 
separate works which were previously known to the 
public, along with others still more peculiar and 
chamcteriatic. We are thus able to judge of Roger 
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Bacon's knowledge and 
every way well worthy ( 

' The Opiii Majua b addressed to Poj>e Clement the 
Fourth, whom. Bacon had known when he was leg^ 
in England aa Cardinal-bishop of Sabina, and whu 
admired the talents of the monk, and pitied him for 
the persecutions to which he waa exposed. On hia 
elevation to the papal chair, this account of Bacon'i 
labours and views was sent, at the earnest request, of 
the pontifC Besides the Opua Majue, he wrote two 
othera, the Opua Minug and Opua Tertitun; which 
were alao sent to the pope, as the author say^^ 'on 
account of the dajiger of roada, and the possible loss of 
the work.' These works still exist unpublished, in 
the Cottonian and other libraries. 

' The Opui Majus is a work equally wonderful with 
regard to its general scheme, and to the special treatises 
with which the outlines of the plan are filled up. The 
professed object of the work ia to urge the necessity of 
a reform in the mode of philosophizing, to set forth 
the reasons why knowledge had not made a greater 
progress, to draw back attention to the sources of 
knowledge which had been imwisely neglected, to 
disoover other sources which were yet almost un- 
touched, and to animate men in the undertaking, by a 
prospect of the vast advantages which it offered. In 
the developement of this plan, all the leading porUous 
of science are expounded in the most complete shape 
which they had at that time assumed ; and improv&- 
ments of a very wide and striking kind are proposed 
in some of the principal of these departmenta Even 
if the work bad had no leading purpose, it would have 
been highly valuable as a treasure of the most solid 
knowledge and soundest speculations of the time ; even 
if it had contained no such details, it would have been 
a work most remarkable for its general views ajid 
scope. It may be considered as, at the same time, the 
£Hejf(4opedia and the A'mmm Orgnnon of the thirteenth 
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' Since this work is thus ho important in the history 
of Inductive Philosophy I ahall give, in a Note, a view^ 
of its divisiona and contents. But I must now endea- 
Tour to point out more especially the way in which 
the various principlea, which the reform of scientific 
method involved, are here brought into view. 

' One of the first points to be noticed for this purpose, 
is the resiataace to authority; and at the stage of 
philosophical history with which we here have to do, 
this means reaiatanoe to the authority of Aristotle, as 
adopted and interpreted by the Doctors of the Schools. 
Bacon's work* is divided into Sbt Parts; and of tlieae 
Parts, the First is. Of the four universal Causes of all 
Human Ignorance. The causes thus enumerated^ 

» Contents of Hoger Bbood'b Opiu ilnjni. 
Put 1. On ttae rour cinses of humin ignorHncG:~AuthDrlty, Cua. 
torn. Popular Opinloa. and the riide of suppowd Kdoit- 

Put TI. On Ibe eonrrc of perfect wisdom In tbe Sacred Scripture. 
Part III. On the Unefglneu 0! Grammar. 
Part ir. On tbaUnenilneMof Ualhcmalica. 

(I.) The Kcccsslty of Mathemallis tn Human Tldngs Ipob- 

Itahcd Beparatcly an tbe Specula Mathematiai). 
(1.) Tbe Neceidltj of Hatbemallcs In Divine Tblnga.— 1°. 
Thia Btud; bas occupied boly mpQ : 1°. Geograpby ; 
3°. Chrooology i 4°. Cycles; the Golden Numbcr.ltc.: 
5°. Natural Phenomena, as the Ralnbovr ; 6°. Arith- 
metic ; 7°- Music, 
Ihe Kecesaltj of Malbematire in F.ccleBiaillcal Things. 
1°. The CertlflcatlDn of Faith: t'. The Correction of 
the Calentiar. 
k (4) The Nccculcy of Mithemstiei in the State.— 1°. Of 
Climales! »". Hydrogmphj ; l". (ieop-aphj ; 4°, 
Astrology. 
Fait T. On Perspective (published separately as PfrsjifCtiini), 
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are : — the force ot umi-ortty authority ; — tradltuinat 
habit;— the imperfection of tile Tin disciplined i 
— and the diaposition to eouceal onr ignorance aod ti 
make an ostentatious show of onr knowledge. Thea 
influences involve every man, occupy every conditioi 
They prevent our obtaining tha moat uaefiil and lar 
and fair doctrines of wisdom, the secrets of all m ' 
and arts. He then proceeds to argue, from the tes' 
mony of philosophers themselves, that the authority d 
antiquity, and especially of Aristotle, ia not infelliblel 
' We find* their books full of doubts, obscurities, a 
perplexities. They scarce agree with each other i 
one empty question or one worthless sophism, 
operation of science, as one man agrees with another 
in the practical operations of medicine, surgery, and 
the like arts of secular men. Indeed,' he adds, ' not 
only the philosophers, but the sainta have fallen into ! 
errours which they have afterwards retracted,' and 
this he instances in Augustin, Jerome, and others, 
He gives an admirable sketch of the progress of philo- 
sophy from the Ionic School to Aristotle; of whom 
he speaks with great applausa 'Yet,' he adds,' 
' those who came after him corrected him i 
things, and added many things to Kis works, and 
shall go on adding to the end of the world.' Aristotle, 
he adds, is now called peculiarly^ the Philosopher, ' yetj 
there was a. time when his phUosophy was silent tn^ 
unregarded, either on account of the rarity of copies ri 
Lis works, or their difficulty, or from envy; till after I 
the time of Mahomet, when Avicenna and AverroM, ' 
and others, recalled this philosophy into the full light I 
of exposition. And although the Logic and some J 
other works were translated by Boethius from the J 
Greek, jet the philosophy of Aristotle first received c 
quick increase among the Latins at the time of Mioha 
Scot; who, in the year of our Lord 1230, appears _ 
bringing with him portions of the boo^ of Aristotlo^ 
on Natural Philosophy and Mathematics. And yet'l 
small part only of the works of this author ia trail*- J 
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tated, and a still smaller part is in the hands of 
common students.' He adds further" (!u the Third 
Part of the OpUi» Major, which is a Dissertation oa 
Language) that the tranaUtions which are current of 
these writings, are very bad and imjierfect. With 
theee views, he is moved to express himself somewhat 
impatiently'" respecting these works : ' If I had,' he 
Baya, 'power over the works of Aristotle, I would J 
have them all burnt; for it ia only a loss of time tof 
study in them, and a courae of errour, and a mi ' " 
plication of ignorance beyond expression.' 'Thai 
common herd of students,' he says, 'with their heod^.J 
have no principle by which they can be escited to anyl 
worthy employment: and hence they mope and maka^ 
aaaes of themselves over their bad translations, and 1 
lose their time, and trouble, and money.' 

' The remedies which he recommends for these evils, 
are, in the first place, the study of that only perfect 
wisdom which is to be found in the Sacred Scripture ;*i 
in the next place, the study of mathematics and the 
use of experiment." By the aid of these methods, 
Bacon anticipates the most splendid progress for 
human knowledga He takes np the strain of hope 
and confidence which we have noticed as so peculiar in 
the Roman writers; and quotes some of the passages 
of Seneca which we adduced in illustration of this : — 
that the attempts in science were at first rude and 
imperfect, and were afterwards improved; — that the 
day will come, when what is still unknown shall be 
brought to light by the progress of time and the 

* Op. Maj. p. *S. pUcBtiD ignoranlite Dltra id quod 

>* See Pr^. to Jebb'i edition, valeat explicsri. . . . Vqlgqs atn- 

Vti0 pMsagei there quoted, how' denium cum CApHfbus luia non 

fier, tn not extractn from the habel uods exciletur ad Bllqald 

Iba qpui Annia (ifS. Out. Tib. circa maie trgnalata, et tempna et 
e. 5). 'SI haberqm poteitatcm studium amlltJE in omiilbus e( 
tftt. libroB Aiii!tat«Us. ego fa- expcniae.' 

IS PBTta iv. T, and vi. 






lalinurs of a longer period; — that one age does not 
suffice for inquirieB ao wide ftud varioua; — that the 
people of future times shall know majiy things xis- 
kuown to ua ; — and that the time shall arrive whea 
posterity wiH wonder that we overlooked what waa so 
obvious. BaeoD lumsclf adds anticipations more pecu- 
liariy in the spirit of hia own time. ' We have seen,' 
he says, at the ead of the work, ' how Aristotle, by tlw 
ways which wisdom teaches, could give to Alexander 
the empire of the world. And tliis the Church ought 
to take into consideration s^ainst the infidels and 
rebels, that there may be a sparing of Christian blood, 
and especially on account of the troubles that shall 
come to pass in the days of Antichrist; which by the 
grace of God it would be easy to obviate, if prelates 
and princes would encourage study, and join in, 
searching out the secrets of nature and art' 

' It may not be improper to observe here that this 
belief in the appointed progress of knowledge, is not 
combined with any overweening belief iu the un- 
bounded and independent power of the human intellect 
On the contrary, one of the lessons which Bacon draws 
from the state and prospects of knowledge, is the 
duty of faith and humility. ' To him,' he saya,^^ ' who 
denies the truth of the faith because he is unable to 
understand it, I will jiropose in reply the course of 
nature, and as we have seen it in examples.' And 
after giving some instances, he adds, ' These, and the 
like, ought to move men and to excite them to the 
reception of divine truths. For i^ in the vOest objecta 
of creation, trutiis are found, before which the inward 
pride of man must bow, and believe though it cannot 
understand, how much more should man humble hia 
mind before the glorious truths of God I' He had 
before said;'* 'Man is incapable of perfect wisdoni 
in this life; it is hard for him to ascend towards per- 
fection, easy to glide downwards to falsehoods and 
vanities: let him then not boast of his wisdom, or 
extol hia knowledge. What he knows is little and 

'3 Op. Mry,p.«S. "\\j,^.\^. 
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■worthleas, in respect of tliat which, he believes without 
knowing; and still less, in respect of that which he 
ia ignorant of. He is mad who thinks highly of hia 
wisdom; he most mad, who exhibits it as something 
to be wondered at.' He adds, as another reason for 
humility, that be has proyed by trial, he could teach 
in one year, to a poor boy, the marrow of all that the 
most diligent person could acquire in forty years' 
laboriona and expensive study. 

' To proceed somewhat more in detail with regard 
to Koger Bacon's views of a Heform in Scientifio 
Inquiry, we may observe tliat by making Mathematics 
and Elxperiment the two great points of liis recom-. 
mendation, he directed his improvement to the two 
essential parts of all knowledge, Ideas and Facts, and 
thus took the courKe which the most enlightened 
philosophy would have suggested. He did not urge 
the prosecution of experiment, to the comparative 
neglect of the existing mathematical sciences and con- 
ceptions; a fault which there is some ground for 
ascribing to his great namesake and successor Francis 
Bacon; still less did he content himseEf with a mere 
protest against the authority of the schools, and a 
vague demand fur change, which was almost all that 
•aoB done by those who put themselves forward as 
reformers in the intermediate time. Kogor Bacon 
holds his way steadily between the two poles of human 
knowledge; which, as we have seen, it ia lar from 
easy to do. 'There are two modes of knowing," says 
he;'* ' by argument, and by experiment. Argument 
concludes a question; hut it does not make us feel 
certain, or acquiesce in the contemplation of truth, 
except the troth be also found to be so by experience.' 
It ia not easy to express more decidedly the clearly- 
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Been union of exact conceptions with certain facts, 
'wHcli, as we IiHTe explained, constitutes real knowledge. 
' One large division of the 0pm Majus is ' On the 
TJsefulnesa of Mathematics,' which is shown by a copious 
eniimeration of existing branches of Isnowledge, as 
Chronology, Geography, the Calendar, and (in a separate 
Part) Optics. There is a chapter,'^ in which it is 
proved by reason, that all science requires mathematics.' 
And the arguments which are used to establish this 
doctrine, show a most just appreciation of tbe office of 
mathematics in science. They are such as follows ; — 
That other sciences use examples taken from mathe- 
matics as the most evident : — That mathematical know- 
ledge is, as it were, innate to ua, on which point he 
refers to the well-tnown dialogue of Plato, as quoted 
by Cicero:— That this science, being the easiest, offers 
the beat inti-oduction to the more difficult; — That in 
mathematics, things as known to us are identical with 
things as known to nature : — That we can here entirely 
avoid doubt and errour, and obtain certainty and truth : 
— That mathematics is prior to other sciences innatur«^ 
because it takes cognizance of quantity, which is appre- 
hended by intuition {inluilu inteUectus). ' Moreover,' 
he adds,'^ ' there have been found famous men, as 
Eohert, bishop of Lincoln, and Brother Adam Marsh- 
man (de Marisco), and many others, who by the power 
of mathematics have been able to explain the causes 
of things ; as may he seen in the writings of these men, 
for instance, concerning the Rainbow and Comets, and 
the generation of heat, and climates, and the celestial 
bodies.' 

' But undoubtedly the most remarkable portion of the 
Op'us Magus is the Sixth and last Part, which is entitled 
' De Scientia experimentali.' It is indeed an extraordi- 
najy circumstance to find a writer of the thirteenth 
century, not only recognizing experiment as one source 

I of knowledge, but urging its claims as something far 

more important than men had yet been aware of, 

I exemplifying its value by striking and just examples, ■ 

■ " Op. Mai. p. ISO- ■■■' ■^■■s-f'V I 
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and speaking of its authority with a dignity nf dictioa 
which sounds like a foremiirmur of the Buijonian sen- 
tences uttered nearly four hundred years later. Yet 
this is the character of what we here find.'^ ' Esperi- 
mental science, the sole mistress of speculative sciences, 
baa three grea,t Prerogatives among other parts of 
knowledge: First she tests by experiment the noblest 
conclusions of all other sciences: Next she discovers 
respecting the notions which other sciences deal with, 
magnificent truths to which these sciences of themselves 
can by no means attain : her Third dignity is, that she 
by her own power and without respect of other sciences, 
investigates the secrets of nature.' 

' The examplea which Bacon gives of these ' Prero- 
gatives' are very curious, exhibiting, among some 
errour and credulity, sound and clear viewa His 
leading example of the First Prerogative is the Rain- 
bow, of which the cause, as given by Aristotle, ia 
tested by reference to experiment with a skill which 
ia, even to us now, truly admiraiile. The examples of 
the Second Pi-erogative are three : — -first, the art of 
making an artificial sphere which shaJI move with the 
heavens by natural influences, which Bacon trusts may 
be done, though astronomy herself cannot do it — 'et 
tunc," he says, Hheaaurum unius regis valeret hoc 
inBtnunentum ;' — aee»ndly, the art of prolonging life, 
which experiment may teach, though medicine has no 
means of securing it except by regimen j"-* — thirdly, 

^ ■ Ytritatu magniflcaa in ter- are good flying dragons, b; the 

Tninii aliamm Bcientlanim in quu art whlcli they poswsB. th«y dmv 

p« nullam Tiam powunt ilia tliem oat of Iheir dens, and have 

Hcientiie, hec sola eeienUarum bridles and saddles iq r^ailiiieaa, 

domlni BprenUtlvanim, puiKsC and thvy ride upon ttiem. and 

dare.'— Op. Jfiy". p. 4BS. make ttipm bound about in Iheair 

" One of the ingredients of a inaviolentmanner-thMthE hard- 

prepamUoa hnre mentioned. latbe nesB and touglincsB <i( the flesii 
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EtMopiana. Tbe mode of pre- they are killed foe eating.'— Oji. 
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d 




3;fi ADDITIONS 

tte art of making gold finer than fine gold, which goes 
beyond the power of alchemy. The Third Prerogative 
of experimental science, arts independent of the 
received sciences, ia exemplified in many curiouB ex- 
amples, many of them whimsical traditions. Thus it 
ia said that the character of a people mny be altered 
by altering the air.^' Alexander, it seems, applied to 
Aristotle to know whether he should exterminate 
certain nations which he had discovered, as being irre- 
clairaably barbarous ; to which the philoso]>her replied, 
' If you can alter their air, permit them to live; if not, 
put them to death.' In this purt, we find the sugges- 
tion that the fire- works made by children, of saltpetre, 
might lead to the invention of a formidable military 
weapon. 

' It could not he expected that Koger Bacon, at a 
time when experimeotal science hardly existed, could 
give any precepts for the discovery of truth by experi- 
ment. But nothing can bo a better example of the 
method of such investigation, than his inquiry con- 
cerning the cause of the Bainbow. Neither Aristotle, 
nor Avicenna, nor Seneca, he says, have given us any 
dear knowledge of this matter, hut experimental 
science can do so. Let the experimenter (eaywwicn- 
tator) consider the cases in which he finds the same 
oolnurs, as the hexagonal crystals from Ireland and 
India; by looking into these he will see colours like 
those of the rainbow. Many think that this arises 
from some special viriue of these stones and their 
hexagonal figure; let therefore the experimenter go 
on, and he will find the same in other transparent 
stones, in dark ones as well as in light-coloured. He 
will'find the same effect also in other foims than the 
hexagoD, if they be furrowed in the surface, as the 
Irish crystals are. Let him consider too, that he sees 
the same colours in the drops which are dashed from 
oars in the sunshine; — and in the spi'ay thrown by a 
mill wheel; — and in the dew drops which lie on the 
grass in a meadow on a summer morning; — and if a 
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nwn takes water ia his mouth and projects it on one 
side into a sunbeam ;— and if in an oil lamp hanging 
in the air, the rays fall in certain positions upon the 
snrfaCB of the oil; — and in many other ways, are 
ooloura produced. We have here a collection of in- 
Btances, which are almost all examples of the same 
kind as the phenomenon under consideration ; and by 
the help of a principle collected by induction from 
these facts, the colours of the rainbow wei-e afterwards 
really explained. 

' With regard to the form and other circumstanoes of 
the bow he is still more precise. He bids us measure 
the height of the bow and of the aun, to ahow that the 
center of the bow ia exactly opposite to the sun. He 
explains the circular form of the bow, — its being inde- 
pendent of the form of the cloud, its moving when we 
move, its flying when we follow, — by its consisting of 
the reflections from a vast number of minute drops. 
He does not, indeed, trace the course of the rays through 
the drop, or account for the precise magnitude which 
the bow assumes; but he approaches to the vet^e of 
this p&rt of the explanation; and must be considered 
as having given a most happy example of experimental 
inquiry into nature, at a time when such examples 
were exceedingly scanty. In this respect, he was more 
fortunate than Francis Bacon, as we shall hereafter 

' We know but little of the biography of Roger 
Bacon, but we have every reason to believe that his 
inSuence upon his age was not great. He waa suspected 
of magic, and ia said to have been put into close con- 
finement in consequence of this charge. In hiB work he 
Bpeaka of Astrology, as a science well worth cultivating. 
'But,' saya he, 'Theologians and Decretiats, not being 
learned in such matters, and seeing that evil as well as 
good may be done, neglect and abhor such things, and 
reckon them among Magic Arts.' We have already 
seen, that at the very time when Bacon was thus raising 
his voice against the habit of blindly following authority, 
and BeekiBg for all science in Ari8tQt\e,TV»OTO»a fi.QjnDa& 
» employed ia fashioning Ajcistot\e'a\.e\iii\a\SL'w>'fiM^ 



fixed form in which they became the great impediment 
to the progress of knowledge. It would seem, indeed, 
that something of a struggle tetween the progressiTe 
and Btationary powers of the human mind was going 
on at this time. Bacon himself says,^^ ' Nerer was 
there so great aa appearance of wisdom, nor so much 
exercise of study in so many Faculties, in so many 
regions, as for this last forty years. Doctors are dis- 
persed everywhere, in every castle, in every burgh, and 
especially by the students of two Orders, (he means 
the Franciscans and Dominicans, who were almost the 
only religious orders that distinguished themselves by 
an application to study,^) which has not happened 
except for about forty years. And yet there was never 
80 much ignorance, so much errour.' And in the part 
of his workwhicfa refers to Mathematics, he says of that 
study,** that it is the door and the key of the Bciences; 
and that the neglect of it for thirty or forty years hu 
entirely ruined the studies of the Latins. AccoiYling 
to tliese statements, some change, disastrous to the 
fortunes of science, must have taken plaice about 1230, 
soon after the foundation of the Dominican and Fran- 
ciscan Orders.** Nor can we doubt that the adoption 
of the Aristotelian philosophy by these two Orders, 
in the form in which the Angelical Doctor had sys- 
tematized it, was one of the events which most tended tO 
defer, for three centuries, the reform which Roger Bacon 
urged aa a matter of crying necessity in his own time.' 
It is worthy of remark that in the Optis Majus of 
Roger Bacon, as afterwards in the Novum Orgaium 
of Francis Bacon, we have certain features of experi- 
mental research pointed out conspicuously as Prm- 
rogativce : although in the former, this term is employed 
to designate the superiority of experimental science in 
general to the science of the schools; in the latter 
work, the term is applied t-o certain classes of experi- 
ments aa superior to others. 
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Nicoiae of Cut. 



I WILL quote the passage, in the writings of this 
author, which bears upon the subject in queation. 
I translate it from the edition of his hook De Docta 
Ignoranlia, iroTa his works pahlished at Basil in 1565. 
He praises Learned /jnoraHce— that is. Acknow- 
ledged Ignorance — as the source of knowledge. His 
ground for asserting the motions of the earth is, that 
there is no such thing as perfect rest, or an exact 
center, or a perfect circle, nor perfect uuiformity of 
motion. 'Neque verua circulus dabilia est, quinetiam 
■verior dari poasit, neque unquara uno tempore sicut 
alio tequaliter prieoisS, aut movetar, aut circulum Teri 
aimilem, lequalem descrihit, etiamai nobis hoc non 
appareat, Et ubicumque quis fuerit, se in centra esse 
credit.' (Lib. i. cap. xi. p. 39.) He adds, ' The Ancients 
did not attain to this knowledge, because they were 
WTinting in Learned Ignorance. Now it is manifest 
to na that the Earth is truly in motion, although this 
do not appear to us; since we do not apprehend 
motion except by comparison with something fixed. 
Por if any one were in a boat in the middle of a river, 
ignorant that the water was flowing, and not seeing the 
banks, how could he apprehend that the boat was movingl 
And thus since every one, whether he he in the Earth, 
he SuQ, or in any other star, thinks that he 
uamorable center, and tVval evcrjttvm?, ft\s«. ^*■ 
moving- he would assign different -goVea iot \«ia5^'i.. 



others as being in the Sun, others in the Earth, and 
others in the Moon, and so of the rest. Whence the 
machine of the world is as if it had its center every- 
where and its circumference nowhere.' This train of 
thought might he a preparation for the reception of the 
Copernican syBtem; but it ia very difForont from the 
doctrine that the Sun is the center of the Planetary 
Motions. 



CHAPTER II. 

Co PERNIO AN ThEOKT. 



The Moon's Rotation. 

I HAVE said, in page 284, that a confusion of mind 
produced by the double reference of motion to 
absolute space, and to a center of revolution, often 
leads persona to dispute whether the Moon, while she 
revolves about the Eai'th, always turning to it the 
same feoe, revolves about her axis or not. 

This dispute has been revived very lately, and has 
been conducted in a manner which shows that popular 
readers and writers have made little progress in the 
clearness of their notions during the last two or three 
centuries ; and that they have accepted the Newtonian 
doctrines in words with a veiy dim apprehension of 
their real import. 

If the Moon were carried round the Earth by a rigid 
arm revolving about the Earth as a center, being 
rigidly fastened to this ai-m, as a mimic Moon might I 
be, in a machine constructed to represent her motiouB, I 
this contrivance, while it made her revolve round the I 
Earth would make her also turn the same face to ths I 
Earth : and if we were to make auch a machine the I 
standard example of rotation, the Moon might be said J 
not to rotate on her axis. I 

But we are a'peeAiX-j \ei to (;\v4\5s». ftu-Qfusiou. by U 
taJdug thia case aa tW atcTiia-Ti <A Yii\.'ii.\Xi«i. "^ot ^-^js* I 
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selection of the center of rotation in a syBtem which 
includes several bodies ia arbitrary. The Moon turns 
all her faces successively to the Sun, and therefore with 
regard to the Sun, she does rotate on her axis; and 
yet she revolves round the Sun as truly as she revolves 
round the Earth. And the only really aimple and 
consistent mode of speaking of rotation, ia to refer 
the motion not to any relative center, but to absolute 
space. 

This is the argument merely on the ground of 
simplicity and coasiatency. But we find physical 
reasons, aa well as mathematical, for referring the 
motion to absolute space. If a cup of water be 
caJTied round a center so as to describe a circle, a 
straw floating on the surface of the water, if it point 
to the center of the circle at first, does not continue to 
do so, but remains parallel to itself during the whole 
revolution. Now there is no cause to make the water 
(and therefore the straw) rotate on its axis ; and there- 
fore it is not a clear or convenient way of speaking, to 
say that the water in this case does revolve on its axis. 
But if the water in this case do not revolve on its 
axis, a body in the case of the Moon does revolve on 

The difficulty, as I have said in the text, is of the 
game nature as that which the Copemicans at first 
fonnd in the parallel motion of the Earth's axis. In 
order to make the axis of the Earth's rotation remain 
parallel to itself while the Earth revolves about the 
Sun, in a mechanical representation, some machinery 
is needed in addition, to the machinery which produces 
the revolution round the center (the Sun) : but the 
aimpleat way of regarding the parallel motion is, to 
conceive that the axis has no motion except that which 
carries it round the central Sun. And it was seen, 
when the science of Mechanics was established, that no 
force was needed in nature to produce this parallelism 
of the Earth's axis. It was tliereforo the only scientific 
course, to conceive this parallelism as not being a 
rotation: and in like manner we are to coMCftWfc tia^i 
* pai&Uelism o/ai-evolving body aa cot^ietti^a.t'A-a.'vKao^ 
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M. FaueofuWa Proofs of the Earth's Motion. 

It was hardly to be expected that we ehould discover, 
in our own day, a new physical proof of the earth's 
motion, yet to it has been. The experiments of 
M. Foucatilt have enabled us to aee the Hotation of the 
Earth on ita axia, as taking place, we may say, befora 
our eyes. These erjierimenta are, in fact, a result of 
what haa been said in apeating of the Moon's rotation : 
namely, That the mechanical causes of motion operate 
with referencv to absolute, nut relative, space ; so that 
■where there is no cause operating to change a motion, 
it will retain its direction in aiisoliitE space; and may 
on that account seem to change, if regarded relatively 
in a limited apace. 

In M. Foucault's first experiment, the motion 
employed was that of a pendulum. If a pendulum 
oscillate quite freely, there is no cause acting to change 
the vertical plane of oscillation ahtolutely; for the 
forces which produce the oscillation are va the vertical 
plane. But if the vertical plane remain the sania 
ahaolutdy, at a Bpot on the sur&ce of the revolving' 
Earth, it will change relatively to the spectator. He 
will see the pendulum oacillate in a vertical plana 
which gradually turna away from its first position. 
Now this is what really happens; and thus the revo- 
lution of the Earth in absolute space is experimentally 
proved. 

In subsequent experiments, M. Fouoault has used 
the rotation of a body to prove the same thing. For 
when a body rotates freely, acted upon by no power, 
there is nothing to change the position of the axis of 
rotation in absolute space. But if the position of the 
axis remain the same in absolute apace, it will, in virtue 
of its relative motion, change as seen by a spectator 
at any apot on the rotating Earth. By taking a heavy 
disk or globe and making it rotate on its axis rapidly, 
the force of absolute permanence (as compared with 
the inevitable casual disturbances arising from the 
machinery wliich awp^tta tV^ tcvoWvh^ fe^Xi^wnsissi 
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considerable ; and hence the relative motion can, hi this 
way also, be made visible. 

Mr. De Morgan has said {Gomp. to Brit. Aim. 1836, 
p. 18) that astronomy does not supply any argument 
for the e&rth'a motion which is absolutely and demon- 
strably conclusive, till we come to the Aberration of 
Light. But we may now venture to say that the 
experiments of M. Foucault prove the diurnal motion 
of the Earth in the most conclusive manner, by 
palpable and broad effects, if we accept the doctrines 
of the Science of Mechanics : while Aberration proves 
the annual motion, if we suppose that we can observe 
the places of the fixed stars to the accuracy of a few 
seconds; and if we accept, in addition to the doctrines 
of Mechanics, the doctrine of the motion of light with 
a oertaiu great velocity. 



CHAPTER in. 
Sequel to Copernicitb. 

English Copemieana. 

PROFESSOR DE MORGAN" has raailo numeroua 
and interesting contributions to the history of the 
progress and reception of the Copemican System. 
These are given mainly in the Companion to the British 
Almanac; especially in his papers entitled ' Old Argn- 
menteagalnsttheMotionof theEarth'(i836); 'English 
Mathematical and Astronomical WriterH'(i837}; 'On 
the Difficidty of Conwt Description of Books' (1853); 
' The Progress of the Doctrine of the Earth's Motion 
between the Times of Copemicua and Galileo' (1855). 
In these papers he insists very rightly upon the dia- 
tinotiOB between the matiiematical and the phyaical 
aspect of the doctrines of Copernicus : a distinction 
corresponding very nearly with the distinction which 
we have Jrawn between Formal and V 



I 



ADDITIOKS. ^^M 

nomy; and in accordance with which we have given 
the histoi'y of the Heliocentric Doctrine aa a FoiiuaJ 
Theory in Book v., and aa a Physical Theory in 
Bookvii. 

Another intejesting part of Mr. De Morgan's re- 
aearch^ are the notices which he haa given of the 
early aaaertors of the heliocentric doctrine in England. 
These make their appearance as soon as it was well 
possible they should exist. The work of Copernicus 
■was published, as we have said, in 1 543. In Septemher 
1556, John Field published an Ephemeria for 1557 
' juxta Copertiici et Reinholdi Cauones,' in the pre&ce 
to which he avows his conviction of the truth of the 
Copemican hypothesis. Robert Eeoorde, the author of 
various works on Arithmetic, published among others, 
' The Pathway to Knowledge' in 1551. In this hook, 
the author discusses the question of the ' quietnes of 
the earth,' and professes to leave it undecided ; but 
Mr. De Morgan {Comp. A. 1837, p. 33) conceives that 
it appears from what is said, that he was really a 
Copemican, but did not think the world ripe for any 
such doctrine. 

Mr. Joseph Hunter also has brought to notice'- 
the claims of Field, whom he designates as the 
Proto-Copemican of England. He quotes the Address 
to the Header prefixed to his first EphemerU, and 
dated May 31, 1556, in which he saya that, since abler 
men decline the task, ' I have therefore published this 
Ephemeria of the year 1557, following in it as .my 
authorities, N. 'Copernicus and Erasmus Reinhold, 
whose writings are established and founded on true, 
certain, and authentic demonstrations.' I conceive 
that this passage, however, only shows that Field had 
adopted the Copemican scheme as a basis for the cal- 
culation of Epbemerides; which, ae Mr. De Morgan has 
remarked, is a very different thing from accepting it 
aa a physical truth. Field, in this same address, mf^es 
mention of the erroura 'illius turbte quaa Alphonsi 
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ntitur hypotheai;' bnt the word hypothec ia still 
indecisive. 

As evidence that Field waa regarded in his own 
day aa a man who had rendered good aervioe to sci- 
ence, Mr. Hunter notices that, in 1558, the Heralds 
granted to him the right of using, with his arms, the 
crest or additional device of a red right arm issuing 
from the clouds, and presenting a golden armillaiy 

Reaorde'sclaimsdependu[K)n a passage in a Dialogue 
between Master and Scholar, in which the Master ex- 
pounds the doctrine of Copernicus, and the authorities 
against itj to which the Scholar answers, taking the 
common view : ' Nay, sir, in good faith I desire not to 
hear such vaine phantasies, so far against common rea- 
BOD, and repugnant to all the learned multitude of 
wryters, and therefore let it passe for ever and a day 
longer.' The Master, more sagely, warns him against 
a hasty judgment, and says, ' An other time I will 
BO declare his supposition, that you shall not only 
wonder to hear it, but also peradventure be as earnest 
then to credit it, as you now are now to condemne it." 
1 conceive that this passage proves Mr. De Morgan's 
assertion, that Eecorde was a Copernican, and very 
likely the first in England. 

In 1555, also, Leonard Digges published his 'Prog- 
nostication Everlasting j' but this is, as Mr. De Morgan 
Bays (Comp. A. 1837, p. 40) a meteorological work. It 
was republished in 1593 hy his sou Thomas Digges 
with additions; and as these have been the occasion of 
some confiision among those who have written on the 
history of astroDomy, I am glad to be able, through 
the kindness of Professor Walker of Oxford, to give a 
distinct account of the editions of the work. 

In the Bodleian Library, besides the editions of 
1555 and 1593 of the ' Pregnostication Everlasting,' 
there is an edition of 1564. It is still decidedly 
Ptolemaic, and contains a Diagram representing a 
number of concentric circles, which are marked, in 
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' The Earth, 

Moone, 

Mercury, 

Siinne, 

Mars, 

Jupiter, 

Saturae, 
The Starrie Firmainent, 
The Crystalline Heavena, 
The First Mover, 

The Abode of God and the Elect. 
Learned do a 



The third edition, of 1593, coDtaina an Addition, by 
the son, of twenty pages. He there speaks of having 
found, apparently among his father's papers, ' A de- 
scription or modile of the world and situation of 
Spheres Ccelestiall and elomentare according to the 
doctrine of Ptolemie, whereunto all nniversitiea (led 
thereunto chiefly by the anthoritie of Aristotle) do 
consent.' He adds ; ' But in this our age, one rare 
■witte (seeing the continuall errors that iroai time to 
time more and more continually have been discovered, 
besides the infinite absurdities in their Theoricks, which 
they have been forced to admit that would not con- 
fease any Mobilitie in the ball of the Earth) hath by 
long studye, paynfiill practise, and rare invention, 
delivered a new Theorick or Model of the world, 
shewing that the Earth resteth not in the Center of 
the whole world or globe of elements, which encircled 
and enclosed in the Moone's orhe, and together with 
the whole globe of mortalitye is carried yearely ronnd 
about the Sunne, which like a king in the middest of 
all, rajgneth and giveth lawes of motion to all the 
rest, sphierically dispersing his glorious beames of light 
through all this sacred ccelestiajl Temple. And the 
Earth itaelfe to be one of the Planets, having his 
peculiar and strange courses, turning every 24 hours 
rounde upon \i\8 ovfue eftttT*, -wVewfc^ tUft Svmne and ' 
great globe o£ fixed S.tB.Ti:ca wie\a to a^a^ «!Da>a. «sA. 
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tume, albeit indeed they remaine fised — So many ways 
IB tbe Bense of mortal man abused.' 
This Addition is headed — 

■ ' A Perfit Deacription of the Ctelestiall Orbes, accord- 
ing to tbe moat ancient doctrine of the Pythagoreans : 
lately revived by Copernicus, and by Geometrical 
Demoustrationa approved.' Mr. De Morgan, not having 
Been this edition, and knowing the title-page only as 
fiu as the word 'Pythagoreans,' says ' their astrological 
doctrines we presume, not their reputed Copm^ican 
ones.' But it now appears that in this, as in other 
cases, the authority of the Pythagoreans was claimed for 
the Copemican system. Antony a Wood quotes the 
latter part of the title thus; ' Ciii subnectitnr orlnuTa 
Copernicarum accurata descriptio ;' which is inaccurate. 
Weidler, still more inaccurately, cites it, ' Cui sub- 
nectitur operum Copemioi accurata descriptio.' Idl&nde 
goes still further, attempting, it would seem, to recover 
the English title-page from the Latin : we find in the 
Sibl. Aslron. the following; ' 1592 - . Leonard Digges, 
Accurate Description of the Copernicau System to the 
Astronomical perpetual Prognostication,' 

Thomas Digges appears, by others also of his writings, 
to Lave been a clear and decided Copernican. In his 
'AIeb sive Scalffl Mathematics,' 1573, he bestows high 
praise upon Copernicus and upon his system : and 
appears to have been a l)eliever in the real motion of 
the Elarth, and not merely an admirer of the system of 
Copernicus as an explanatory hypothesis. 

Giordano Bi-uno. 

The complete title of the work referred to is — 

' Jordani Bruni Nolani De Monade Numero et Figura 
liber conseqneua Quinque De Minimo Magno et Meii- 
Bura, item De Innumerabilibus, Immenso et Infigu- 
rabili ; seu De Universo et Mundia libri octo. (Franco- 
furti, 1591.)' 

That the Reader may judge of the value of Bruno's 
speculations, I give the following quotatio 

Lib. iv. c. II (Index). ' TelKirem tota.iaWwAalui^^sw 
C 2 




ADDITIONS. 

esse intws et extra, et iunumerabilia amm&iitiiim com- 
plccti turn nobis sensibilium turn oecuUorum genera.' 

C. 1 3. ' Ut Mundorum Synodi in Universo et parti- 
cularea Mundi in Synodia oi'dinentur,' ifec. 

He sajs (Lib. v. c. i, p. 461): 'Besides the stars and 
tbe great worlds tbere are smaller living creatares 
carried tlirough the etherial space, in the form of a 
sniall sphere which has tbe aspect of a bright fire, and 
is by the vulgar regarded as a fiery beam. They ai 
below the clouds, aud I saw one which seemed to touoh 
tbe roots of tbe houses. Now this ephei'e, or beam 
as they call it, was really a living creature (cmimai), 
which I once saw moving in a straight path, and 
grazing as it were tbe roofs of tbe city of Nola, as if 
it were going to impinge ou Mount Cicada j which 
however it went over,' 

There are two recent editions of the worke of 
Giordano Bnino; by Adolf Wagner, Leipaick, 1830, i 
two volumes ; aud by Gfrorer, Berlin, 1833. Of ti)e 
latter I do not know that more than one volume 
(vol. ii.) has appeared. 

Sid Frwitcig Bacon reject tJie Copemican System I 

Mk. De Mosgan has very properly remarked {Comp. 
£. A. 1855, p. 1 1) that the notice of the heliocentric 
question in the Novum Organon must be consi- 
dered one of tbe most important passages in his works 
upon this point, as being probably the latest written and 
best matured. It oecurs in Lib. ii. Aphorism xxxvi., 
in which he is speaking of PTerogatioe Instances, of 
which he gives twenty-seven species. In tbe passage 
now referred to, he is speaking of a kind of Prerogative 
Instances, better known to ordjnary readers than moat 
of tbe kinds by name, the Inatwntia CWtcis; though 
probably the metaphor from which this name is 
derived is commonly wrongly apprehended. Bacon's 
meaning ia Gvide-PoU Irtstatices : and the Crux which 
he alludes to is not a Cross, but a Quide-Fost at Cross- 
roads. And among the cases to which such Instances 
may be applied, \ie Tncnt\oQa ftia&iytii'i'ia'ii'Oi.'aTi.iS.'OMa 
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heavena from east to west, flnd the Bpecial motion of 
the particular heavenly bodies from weat to east. And 
he suggests what he conceives may be an Itistantia 
Crucis in each case. If, he says, we find any motion 
from east to west in the bodies which surround the 
earth, slow in the ocean, quicker in the air, quicker 
still in comete, gradually quicker in planets according 
to their greater distance from the earth : then we may 
Buppow that there is a cosmical diurnal motion, and 
the motion of the earth must he denied. 

With regard to the special motions of the heavenly 
bodies, he first remarks that each body not coming 
quite HO far westwards as before, after one revolution 
of the heavens, and goipg to the north or the south, 
does not imply any ajiecial motion ; since it may be 
accounted for by a modification of the dinmal motion 
in each, which produces a defect of the return, and a 
spiral path ; and he says that if we look at the mutter 
as common people^ and disregard the devices of aatro- 
Domera, the motion is really so to the senses; and that 
he has made an imitation of it by means of wires. 
The itiilanlia crucia which he here suggests is, to see if 
we oau find in any credible history an account of any 
comet which did not share in the diurnal I'evolution of 
the skies. 

On his assertion that the motion of each separate 
planet is, to sense, a spiral, we may remark that it is 
certainly tme; but that the business of science, here, 
as elsewhere, consists in resolving the complex pheno- 
menon into simple phenomena; the complex spiral 
motion into simple circular motions. 

With r^ard to the diurnal motion of the earth, it 
■would seem as if Bacon himaelf had a leaning to believe 
it when he wrote this pai^aage; for neither is he him- 
self nor are any of the Anticopemicans, accustomed to 
assert that the immensely rapid motion of the sphere 
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of the Fixed Stars graduates by a, slower and sluwer 
motion of Planets, Cometa, Air and Ocean, into the 
immobility of tbe Earth, So that the oomiitiona are 
not satisfied on which he hypothetical ly says, ' turn 
abnegandua eat motua terrie," 

With regard to the proper motions of the planei^ 
this pass^e seems to me to confii-m what I have 

J d of him ; that he does not appear to hava _ 

1 the full value and meaning of what had been ' 
done, up to bis time, in Formal Astronomy. 

We may however fully agree with Mr. De Morgan; 
that the whole uf what he has said on this subject, 
when piit together, does not justify Hume's assertion 
that he rejected the Copemican system ' with the most 
positive disdain.' 

Mr. De Morgan, in order to balance the Gopemicas 
argument derived from tbe immenise velocity of the 
stars in their diurnal velocity on tbe other supposition,, 
has reminded us that those who reject this great 
velocity as improbable, accept without scnipli 
greater velocity of Kght. It is curious that Bacoa 
also has made this comparison, though using it for a 
different purpose; namely, to show that the transmis- 
sion of tbe visual impression may be instantaneouB. 
In Aphorism xlvi. of Book ii. of the Novum Orgcmon, 
he is speaking of what be calls iTiaUMitim eurriaaU, or 
Instantim ad aefvani, which we may call /nsfvncM fiy 
t/ie clock I and he says that the great velocity of thtf 
diurnal spbei'e makes tbe marvellous velocity 
rays of light more credible. 

' Immensa ilia velocitas in ipso corpore, quae cemitur 
in motu diumOj (qufe etiam viros graves ita obatupefecit 
ut mallent credere tnotwin terrm,) faoit motuni ilium 
ejacnlationia ab ipsis [stellis] (licetceleritateut diximiU. 
admirabilem) magis credibilera.' This passage Bbow%j 
an inclination towards the opinion of tbe earth's being, 
at rest, but not a very strong conviction. 
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Kepler persecuted. 



Wb have seen (p. 304) that Kepler writes to Galileo . 
in 1597 — ' Be triiBtful and go forwards. If Italy ia 
not a convenient place for the publication of your 
views, and if you are iitely to meet with any obstacles, 
perhaps Germany will grant ua the necessary liberty.' 
Eepler however had soon afterwards occasion, to leam 
that in Germany also, the ciiltivators of science were 
exposed to persecution. It ls true that in his case the 
persecution went mainly on the broad ground of his 
being a Protestant, and extended to great numbers of 
persons at that time. The circumstances of this and 
other portions of Kepler's life have been hrought to 
light only recently through an examination of public 
documents in the Archives of Wiii'tembiirg and impub- 
liahed letters of Kepler. (Johann Keppler's Lcben »ind 
Wii'ken, na«h neuerlich auigefundenen Manusoripten 
bearbeitet von J. L. C. Freiherm v. Breitsohwart, 
K. Wiirterabnrg. Staata-RatL Stuttgart. 1831.) 

Schiller, in his History of the Thirty Years' War, 
says that when Ferdinand of Austria succeeded to the 
Archduchy of Stiria, and found a great number of 
Frotestanta among his subjects, he suppressed their 
public worship without cruelty and almost without 
noise. But it appears now that the Protestants were 
treated with great severity. Kepler held a professorship 
in Stiria, and had married, in 1597, Barbara Miiller, 
■who had landed property in that province. On the 
nth of June, 1598, he writes to his friend Miestliu 
that the arrival of the Priaoe out of Italy is looked 
forwards to with terror. In December he writes that 
the Protestants had irritated the Catholics by attacks 
&om the pulpit and by caricatures; that hereupon the 
Prince, at the prayer of the Estates, had declared the 
Xietter of License granted by his father to be forfeited, 
and had ordered all the Evangelical Teachers to leave 
the country on pain of death. They went to the 
frontiers of Hungary and Croatia; but after a month, 
Kepler was allowed to return, on condition of keeping 
quiet. TTia discoveries appear to have operated in his 
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iftvour. But the next year he found his sitaation ii 
Stiria intolerable, and longed to return to his native 
country of Wurtemburg, and to find some position 
there. This he did not obtain. He wrote a circular 
letter to his Brother Protestants, to give them consola- 
tion and court^ej and this was held to be a violation 
of the conditions on ■which his residence was tolerated, 
Fortunately at this time he was invited to join. Tyoho 
Brahe, who had also been driven from his native 
couutiy, and was living at Prague. The two astro- 
nomers worked together under the patronage of the 
Emperor Rudolph II.; and when Tycho died in ifioi, 
Kepler became the Imperial Matheinatieus. 

We are not to imagine that even among Proteetanbi, 
astronomical notions were out of the sphere of religioufl 
considerations. "Wheu Eepler was established in 
Btiria, his first official business was the calculation of 
the Calendar for the Evangelical Commimity. They 
protested against the new Calendar, as manifestly cal- 
culated for the furtherance of an impious papistry: 
and, say they, ' We hold the Pope for a horrible roaring 
Lion. If we take his Calendar, we must needs go 
into the church when he rings us in.' Kepler however 
did not fail to see, and to say, that the Papal Refonua- 
tion of the Calendar was a vast improvement. 

Kepler, as court-asti-onomer, was of course required 
to provide such observations of the heavens as were 
requisite for the calculations of the Astrologem That 
he considered Astrology to be valuable only as the 
niirse of Astronomy, he did not hesitate to reveaL He 
wrote a work with a title of which the following is tha 
best translation which I can give ; ' Tertius mlerveniejts, 
or; A Wai'ning to certain Theologi, Medici, Fkilosophi, 
that while tliey reasonably reject star-gazing supersti- 
tion, they do not throw away the kernel with the 
shell.' 1610.' In this he says, 'You over-clever 

3 The German pMSBgf Involves dai Kind i 
K ourioiu Image; borrovred, I eup- BUBchutten.' ' That (hej do sol 
pO!!e, from some odil story: ' dasg Ihron mnmy the child alaiiR nlUl 
■It mlt billlgep VtrwwTuiie des Uie dirty w 
Itemgucktrisolieu A1)etElau\>enB, 
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PhiloBoplierB blame thia Daughter of Astronomy more 
thau ia rea^ioDable. Da you not know that she must 
maint^n. her mother with her chai-ms 1 How many 
would be able to make Aatronomy their buBiness, 
□ did not cherish the hope to read the Putnre in 
the skies ? ' 

Were the Papal Edicts againat the Copemican System 
repealed? 

Admiral Sktth, in his Cyole of CeiesHal Ol^'ectg, 
vol. i. p. 65, says — 'At length, in 1818, the voice of 
truth was 80 prevailing, that Pius VII. repealed the 
edicts against the Copemican system, and thus, in the 
emphatic words of Cardinal Toriozzi, ' wiped off thia 
Bcandal from the Church.' * 

A like story ia referred to by Sir Fraucia Palgrave, 
in hia entertaining and inatructive fiction. The Merchant 
and the Friar. 

Having made inquiry of persons most likely to be 
well informed on thb subject, I have not been able to 
learn that there is any further foundation for these 
statements than this: In 1818, on the revisal of the 
Index BxpurgatoriuB, Galileo's writings were, after some 
oppOHition, expunged from that Catalogue. 

MonsignorMariooMarini, an eminent Roman Prelate, 
has addressed to the Romama Aceadeinia di Archeologia, 
certain historico-critical Memoirs, which he published in 
1850, with the title GeUUeo e V hujuisieione. In these, 
he confirms the conclusion which, I think, almost all 
persons who have studied the facts have arrived at;* 
that GaliJeo trifled with authority to which he pro- 
fessed to submit, and was punished for obstinate con- 
tumacy, not for heresy. M, Marini renders full justice 
to Galileo's ability, and does not at all hesitate to 
regard his scientific attainments as among the glories 
of Italy. He quotes, what Galileo himself quoted, an 

* M. M»riBl (p. jji) menllom '(loricf Blerodoaal' who h»ve at 
Leibnitz, Guliot, Spiltler. Eicli- Isat dune Justice to the Bomui 
bora. Raaaiet, Banie, among Ihc Cbutch. 
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expression of Cardinal Baroniua, that ' tte intention of 
the Holy Spirit waa to teach how to go to heaven, not 
how heaven goes.'^ He shows that Galileo pleaded 
(p. 6a) that he had not held the Coperoicoa opinion, 
after it had been intimated to him (by Bellarmine in 
1616,) that he was not to hold it; and that hit breach 
of promiae in this respect was the cause of the pro- 
ceedings against him. 

Those who admire Galileo and regard him as a martyr 
because, after escaping punishment by saying ' It dam 
not move,' he forthwith said ' And yet it does move,' 
will perhaps be interested to know that the former 
answer waa suggested to him by friends aniious for 
his safety. Nicoolini wiites to Bali Cioli (April 9, 
1633) that Galileo continued to be so persuaded of tha 
truth of his opinions that ' he was resolved (soma 
momenta before his sentence) to defend them stoutly; 
but I (continues Niccolini) exhorted him to make an 
end of this; not to mind defending them; and to submit 
himself to that which he sees that they may desire 
him to believe or to hold about this matter of the 
motion of the earth. He was extremely afflicted,' But 
the Inquisition was satisfied with his answers ami 
requii-ed 
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